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ABSTRACT 

The  objectives  of  this  technology  integration  study  for  close  air  support 
aircraft  were  to  perform  configuration  design  and  validation  using,  in  part,  man- 
in-the-loop  simulation  techniques.  An  advanced  technology  close  air  support  air¬ 
craft  configuration  known  as  Lightweight  Attack  (LWA)  Configuration  29  was  evolved 
and  justified.  The  selected  configuration  embodies  powered  lift  in  the  form  of 
vectored  thrust  with  supercirculation  (VT/SC)  and  an  advanced  composite  structure. 
Other  advanced  technologies  which  are  integrated  in  LWA  Configuration  29  are 
direct  sideforce  control  (DSFC)  ,  variable  camber,  internal/conformal  pallet  for 
stores  carriage,  close-coupled  canard,  and  modular  digital  avionics.  Results  of 
the  study  show  that  such  an  integrated  advanced  technology  configuration  provides 
significant  improvement  in  total  tactical  fighter  mission  capability  and  in  the 
ability  to  perform  and  survive  in  the  ground  attack  environment. 
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SECTION  1 


INTRODUCTION  AND  SUMMARY 


The  Convair  Aerospace  Division  of  Ceneral  Dynamics  has  completed  a  study  en¬ 
titled  "Technology  Integration  for  Close  Air  Support  Aircraft"  for  the  Air  Force 
Flight  Dynamics  Laboratory  (AFFDL) .  The  work  documented  in  this  technical  report 
has  resulted  in  the  following  conclusions: 

o  Through  the  integrated  use  of  advanced  technology,  a  superior  tactical 
fighter  aircraft  can  be  obtained  with  a  lightweight  airframe  --  thus  pro¬ 
viding  an  important  step  toward  reducing  the  cost  of  future  fighter  weapon 
systems.  The  rdvanced  technology  concepts  which  have  first-order  effects 
on  this  result  are  advanced  composite  structures  and  powered  lift  in  the 
form  of  vectored  thrust  with  supercirculation  (VT/SC). 
o  Man- in- the- loop  simulation  evaluations  of  VT/SC  and  direct  sideforce  control 
(DSFC)  indicate  significant  improvements  in  air-to-ground  weapon  delivery 
accuracy  and  evasive  tactics  are  attributable  to  these  two  advanced  tech¬ 
nology  concepts. 

The  study  consists  of  two  basic  tasks:  (1)  configuration  design  and  para¬ 
metric  analysis  and  (2)  configuration  validation  and  refinement  through  man-in-the- 
loop  simulation  Section  2  of  this  report  contains  a  discussion  of  the  first  task, 
and  Sections  3  and  4  contain  a  discussion  <fE  the  results  of  the  second  task.  The 
appendices  provide  further  detail  concerning  these  results. 

The  two  tasks  were  directed  toward  the  study  objectives  as  stated  in  the 
contract  statement  of  work: 

"There  are  a  number  of  advanced  and  emerging  technologies  which  have  a  potential 
impact  on  the  design  and  operation  of  future  close  air  support  aircraft.  The 
benefits  to  be  gained  from  the  incorporation  of  one  or  more  of  these  technol¬ 
ogies  into  a  system  depends  upon  the  mission  to  be  accomplished.  Because  the 
possible  close  air  support  roles  are  numerous  and  also  because  there  are  many 
advanced  and  emerging  technologies  to  be  considered,  a  systematic  evaluation 
of  potential  capabilities  against  mission  requirements  is  needed.  ...The  ob¬ 
jective  of  this  effort  is  to  obtain  design  data  relative  to  the  integration 
of  advanced  and  emerging  fighter  technologies  into  advanced  technology  close 
air  support  aircraft.  Specifically,  efforts  are  to  be  conducted  which  will 
demonstrate  how  advanced/emerging  technologies  can  best  be  integrated  into 
fighter  aircraft  design  and  the  extent  to  which  they  provide  a  superior  CAS 
capability. " 
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1 . 1  bAfKGROI'ND 


A  Convair-sponsored  advanced  aircraft  development  program  known  as  the  Light¬ 
weight  Attack  (LWA)  program  has  been  closely  tied  to  the  subject  contractual  study. 
For  this  reason,  the  aircraft  considered  in  the  AFFDL  study  are  referred  to  as  LWA. 

Convair's  LWA  program  began  in  early  1972.  Initial  LWA  technical  efforts  re¬ 
sulted  in  the  development  of  preliminary  design  techniques  for  applying  powered-llft 
concepts  to  maneuvering  flight  including  flight  at  transonic  speeds.^-  An  excellent 
preliminary  design  data  base  existed  for  other  technologies  of  interest  such  as 
advanced  composite  materials. 

Operational  studies  were  also  conducted  during  the  initial  phases  of  the  pro¬ 
gram.  ^  The  results  of  these  studies  provided  guidelines  for  the  LWA  concept  and 
parametric  operational  requirements  which  could  be  used  to  evaluate  tradeoffs  with 
configuration  variables. 

In  June  1972,  Convair  submitted  a  "Technical  Proposal  for  Technology  Integra¬ 
tion  for  Close  Air  Support  Aircraft,"  Convair  Report  FZP-1429,  to  the  AFFDL.  This 
proposal  which  resulted  in  the  subject  contract  contained  technical  discussions 
covering  technology  assessment,  operational  considerations,  and  conceptual  configu¬ 
ration  designs.  Much  of  this  material  is  contained  in  Appendices  A  and  B  of  this 
report. 

In  the  last  half  of  1972,  Convair  completed  configuration  design  and  para- 
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metric  analysis  work.  These  results  provided  the  basis  for  work  on  the  subject 
contract  which  was  awarded  in  November  1972.  Much  of  this  information  is  con¬ 
tained  in  Appendices  C  through  H. 

The  major  portion  of  the  contractual  effort  was  directed  toward  man-in-the- 
loop  simulation  studies.  The  impetus  for  this  type  of  effort  in  a  preliminary 

^  "Powered  Lift  Aerodynamic  Studies  for  the  Advanced  Technology  Close  Air  Support 
Fighter,"  Convair  Report  MR-A-2099,  June  1972  (Confidential). 

^  "Post-1980  Tactical  Air  Strike  Requirements  and  Capabilities,"  Convair  Report 
MR-O-351,  August  1972  (Confidential). 

"Lightweight  Attack  (LWA)  Aircraft  Preliminary  Configuration  Design  and  Mission/ 
Configuration  Tradeoff  Studies,"  Convair  Report  FZM-6085,  January  1973. 
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design  study  stems  from  the  apparent  fact  that  certain  potential  benefits  of  advanced 
technology  are  dependent  on  man/machine  interface  considerations.  The  specific  ob¬ 
jective  of  the  simulation  effort  was  to  evaluate  VT/SC  and  DSFC  to  determine  their 
contribution  to  improvements  in  ground  attack  performance  and  survivability. 

«  + 

1.2  LWA  OPERATIONAL  CONCEPT 

Studies  of  future  tactical  air  scenarios  and  present  and  future  tactical  force 
structures  indicate  a  developing  gap  in  operational  capability.  This  is  the  in¬ 
ability  to  accomplish  ground  attack  missions  (close  air  support/interd^ction/strike) 
with  relatively  large  numbers  of  aircraft  which  can  survive  in  a  hostile  environ¬ 
ment.  The  role  is  now  occupied  primarily  by  the  F-4--an  aircraft  designed  for  air 
superiority  two  decades  ago. 

Survivability  is  a  unique  aspect  of  the  LWA  concept:  first,  because  it  is 
an  attack  aircraft  which  offers  both  maneuverability  and  speed  as  self-defense 
features  and,  second,  because  these  features  provide  the  LWA  with  significant  air 
combat  capability. 

The  need  for  large  numbers  influences  the  LWA  concept  by  dictating  a  low-cost 
system.  The  first  step  toward  low  cost  is  lightweight.  Considering  future  force 
structures  with  the  sophisticated  capabilities  of  F-lll,  F-15,  and  F-14  aircraft 
that  are  available  or  potentially  available,  it  is  logical  to  postulate  a  new  sys¬ 
tem  which  does  not  perform  at  the  extremes  of  these  specialized  aircraft  (i.e., 
range,  payload,  and  speed)  and  which  therefore  can  be  lightweight. 

The  other  important  factor  in  the  cost  equation  is  the  weapon  delivery  system. 
Developments  in  recent  years  have  resulted  in  quantum  jumps  in  daylight,  night, 
and  all-weather  delivery  accuracies.  First  and  foremost,  the  LWA  concept  will 
optimally  accommodate  these  systems,  and  this  alone  will  make  the  LWA  a  unique 
aircraft.  However,  if  all  such  systems  were  included  in  the  basic  IWA,  a  conflict 
with  the  low-cost  objective  would  result. 

The  emerging  concept  of  modular  digital  avionics  presents  the  answer  to  this 
dichotomy.  With  this  concept,  provisions  can  be  made  in  the  LWA  airframe  to  accom¬ 
modate  a  full-capability  avionics  system  with  minimum  impact  on  the  basic  avionics 
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and  airframe  size.  Further,  provisions  can  be  made  so  that  the  addition  of  any  or 
all  of  the  full  system  can  be  accomplished  at  essentially  only  the  cost  of  the 
added  equipment. 

In  summary,  the  LWA  concept  reverses  the  traditional  approach  of  designing 
high-performance  tactical  air  forces  for  air  superiority  and  'accepting  the  ground 
attack  fall-out.  In  future  applications  of  tactical  air  power,  technology  makes 
it  imperative  that  an  optimized  ground  attack  aircraft  which  can  survive  through 
its  own  capability  be  available. 


1.3  LWA  DESIGN  GUIDELINES 

Translation  of  the  LWA  operational  concept  into  design  guidelines  is  summa¬ 
rized  by  two  descriptors--low  cost  and  flexibility  (Figure  1-1).  Low  cost  is 
achieved  through  the  establishment  of  proper  requirements  and  design  philosophy. 
Flexibility,  at  low  cost,  is  attained  by  application  of  new  technology. 

The  key  technologies  which  have  a 
first-order  impact  on  flexibility  are 
(1)  advanced  composite  materials,  (2) 
powered  lift,  (3)  internal/conformal 
stores  carriage,  and  (4)  modular  digital 
avionics.  Advanced  composites  make  pos¬ 
sible  airframe  aerodynamic  configurations 
not  previously  practical  with  conven¬ 
tional  metals.  Powered  lift  offers 
takeoff  and  landing  distances  and  maneuver  performance  which  otherwise  require 
high- lift  systems  and  lower  wing  loadings. 

Internal/conformal  carriage  provides  the  capability  to  carry  mission  stores 
throughout  the  flight  envelope.  Modular  avionics  make  it  possible  to  design  a 
basic  airframe  with  all  provisions  for  full  capability  avionics  without  signifi¬ 
cant  penalty. 

A  fifth  technology  which  is  important  to  the  LWA  concept  although  not  a  part 
of  the  physical  airframe  design  is  represented  in  the  concept  of  modular  weapons. 


1  RANGE/PAYLOAD/LOITERfSPEED  REQUIREMENTS  DO  NOT  NECESSARILY 
HAVE  TO  BE  SEVERE 


• Hi-Eo  Force  Mix  Considerations 
>  Smart  Bombs 
•  forward  Basing 


•  Lightweight 


•  WEAPON  DELIVERY  SYSTEM  REQUIREMENT  CAN  BE  MINIMAL 
FLEXIBILITY  IS  IMPORTANT 


BUT 


•  Aircraft -External  Nav  Systems 

•  Smart  Bombs 

•  Modular  Digital  Avionics 

•  "Beneath  Weather"  Flying  Capability 


•  Low  Cost  Basic  System 


•  SPFED  AND  MANEUVERABILITY  IS  IMPORTANT  FOR  FLEXIBILITY  IN 
TACTICS 


•  Air  Defense  Counter 

•  Ground  Defense  Counter 

•  Ground  Attack 

•  Beneath  Weather  Flying 


•  High  Performance 

•  Internal/Conformal  Stores 
Carriage 


•  STOl  REQUIREMENTS  IS  NOT  OVERRIDING  -  BUT  IT  PROVIDES  FLEXIBILITY 


•  Runway  Availability 

•  Dispel  sal 

•  Response  Tima 


•  STOL  at  Minimum  Penalty 


Figure  1-1  Low  Cost  and  Flexibility  Are  LWA  Goals 
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If  the  full  capabilities  of  the  LWA  are  to  be  realized,  it  is  clear  that  new  wea¬ 
pon  configurations  are  required.  In  this  regard  technology  does  not  pose  as  much 
of  a  problem  as  the  standardization  of  current  and  future  weapons  to  a  single  set 
of  criteria. 


1.4  LWA  CONFIGURATION 

The  LWA  configuration  which  was  selected  for  the  simulation  task  is  shown  in 
Figure  1-2.  The  characteristics  of  LWA  Configuration  29  are  compatible  with  the 
baseline  design  requirements  described  in  Figure  1-3. 


"  FEATURES: 

•  Powered  Lift  (Vectored 
Thrust/Supercirculation) 

•  Advanced  Composite  Materials 

•  Variable  Camber 

•  Internal  Bay  w/lnternal/ 
Conformal  Pallet 

•  Close  Coupled  Canard 

•  Direct  Sideforce  Control 

•  CCV/  Fly-by-Wire 

•  Modular  Digital  Avionics 

•  Single  Wing  Duct  Burning 
Turbofan 


r  CHARACTERISTICS: 

W/S  *  80  Ibs/sq.  ft.  at 
Transonic  Combat 
Weight 

T/W  *  1.3  Sea  Level  Static. 
Uninstalled  at 
Supersonic 
Acceleration  Weight 

Wing  Geometry 

•  t/c  ■  0.0625  (rms) 

•  Ale  1  30/47  Degrees 
•AR  ■  4 


Figure  1-2  LWA  Configuration  29 


The  study  results  indicate  that  a  25,000-pound  class  aircraft  of  the  Configu¬ 
ration  29-type  can  be  optimized  to  meet  or  exceed  the  baseline  design  requirements 
Detail  characteristics  of  the  simulated  configuration  are  described  in  Section  2. 

The  advanced  technology  concepts  of  interest  in  the  simulation  task  are  VT/SC 
and  DSFC.  The  VT/SC  concept  is  implemented  by  ducting  fan  air  through  two-dimen¬ 
sional,  vectorable  nozzles  located  at  the  inboard  wing  trailing  edge.  The  nozzle 
vector  angle  is  essentially  zero  for  cruise  and  is  controllable  up  to  50  degrees 
for  maneuvering.  5 


PAYLOADS 


MISSION 

— 

PAYLOAD  ITEM 

GROUND  ATTACK 

Basic _ 

Alternate  1 _ 

Alternate  2 _ 

_  2000  lbs  Expendable  Ordnance 

_ 3000  lbs  Expendable  Ordnance 

_  6000  lbs  Expendable  Ordnance  ' 

AIR  COMBAT 

Basic _ 

Alternate  1 _ 

_ 2  AIM-47  Type  Missiles  ! 

_ None 

ALL 

Self-Defense  Missiles _ 2  AIM-9  Type 

Gun _ 20MM  M-61  Type  w/500  Rds.  Ammo 

Avionics  1200  lbs 

ACCELERATION  AND  MANEUVER 


CONDITION 

LOADING 

REQUIREMENT 

•  ACCELERATION 

•  MO.  85  to  Ml. 6 

Ground  Attack 

70  sec. 

at  36,089  H 

Basic  Payload, 

60s  Fuel 

•  MANEUVER 
•  MO.  9  at  30,000  It  _ 

Ground  Attack 
Alternate  Payload  1, 
60%  Fuel 

3  g's  Instantaneous 

Bullet  Tree 

7  g's  Instantaneous 

Moderate 

Buffet  ( <rcq  • 

0. 10  g  RMS) 

•  150  Knots  at  5000  tt 

Ground  Attack 
Alternate  Payload  2, 
60%  Fuel 

.  1. 75  g's  Maximum  Usable 

•  MO.  5  at  10.000  ft 

Ground  Attack 
Alternate  Payload  2, 
60%  Fuel 

5.0  g's  Maximum  usable 

MISSIONS 


I.  CLOSE  AIR  SUPPORT/BATTLEFIELD 
INTERDICTION 


|  Optimum  Subsonic  t 


1  hr  Msi'' 
Endurance  loiter 

-it 300  N.Mi. — — 


Sell-Defense 

J 


Combat  at 
Wil  Pwr, 
’10,000  ft 


II.  LOW  ALTITUDE  PENETRATION 
INTERDICTION/STRIKE 
^  _  Self-Defense 


|  OptSutosomc  «.  \  ^ 
y  MO.  8,  Sea  Level  - 


Combat 
at  Mil 
/  Pwr., 

B  Sea  Level 


III.  SUPERSONIC  PENETRATION 
INTERDICTION/STRIKE 


:  ft  a  » i 

S~V  °  Combat  at 

/  y  Sell- Defense  /  Max  Pwr. 
r Optimum  Ml.  6,  Opt.  Penetration 

Subsonic  Altitude  Altitude 


Allowances 


A-G  Payload 

Self-Defense 

Combat 

Alternate  1 

2  Max  Pert 
3609  Turns 

5  Min. 

Alternate  2 

None 

10  Min. 

IV.  ESCORT/COMBAT  AIR  PATROL 


V.  SUPERSONIC  INTERCEPT 


VI.  FERRY 


Optimum  MO.  85 


k- Combat  at 
30,000  ft 


Allowances 


A -A  Payload  Self-Defense)  Combat 


Alternate  1  None 


Allowances 


A -A  Payload  |  Self-Defense  |  Combat 


GENERAL 


•  Maximum  Speed  2  Ml. 6,  Altitude 

2  MO.  9,  Sea  Level 
■*  Structural  Limit  •  6  g's,  80%  Fuel, 

Mission  III  Loading 

•  q  Limit  -  Ml.  2,  Sea  Level 


DESIGN  REQUIREMENTS 

Internal  Fuel  Only  for  Specified 
Missions 

Weapon  Carriage  and  Release 
Compatibility  Throughout  Envelope 

•  Alternate  1  }  Bo,h  A'G  and  A'A  Pa*lM()s 


•  Warm-up  and  Taxi  Allowance  ■  5  Min. 
at  0.2  T/W 

•  Takeoff  Allowance  ■  Accelerate  to  Climb 
Speed 

•  Landing  Allowance  *  20  Min.  at  Max 
Endurance 


Figure  1-3  Baseline  Design  Requirements  for  LWA 
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The  effects  of  vectoring  the  nozzles  on  lift,  drag,  and  thrust  can  be  utilized 
in  several  ways.  For  a  given  angle  of  attack,  a  change  in  the  thrust  vector  angle 
produces  a  lift  coefficient  increment.  Thus,  direct  lift  control  is  possible.  At 
the  sa.ne  time,  induced  drag  is  increased,  and  horizontal  thrust  is  lost.  This  re¬ 
sults  in  a  speed  brake  effect  if  the  power  setting  is  not  increased. 


Table  1-1  VT/SC  IMPROVES  THE  TURNING  PERFORMANCE 
OF  LWA  CONFIGURATION  29 


BUFEET  FREE  g'S 

SUSTAINED  g'S 

MAX  USEABLE  -  g'S 

NO 

VT/SC 

VT/SC 
(«i  •  40°l 

NO 

VT/SC 

VT/SC 
<#i  ■  40°l 

NO 

VT/SC 

VT/SC 

1#,  ■  40°) 

TRANSONIC 
•  MO.  9.  30,000  ft 

1.8 

4.0 

3.8 

4.8 

_ 

_ 

•  WDB  On 

•  No  flaps 

10«V  SPEED 
•MO. 5,  10,000  It 

2.2 

3.5 

3.5 

3.8 

4.1 

5.1 

•  WDB  OK 

•  No  flaps 

Vectored  thrust  with  supercircula¬ 
tion  has  a  large  impact  on  turning  per¬ 
formance  (Table  1-1).  The  LWA  Configu¬ 
ration  29  approach  is  to  trade  the  VT/SC 
turning  improvements  for  increased  wing 
loading.  The  resulting  turning  perfor¬ 
mance  is  comparable  to  modern  fighters, 


but  other  aspects  of  mission  performance  should  be  better. 

Direct  sideforce  is  realized  by  coordinated  deflection  of  the  all-movable 


vertical  tail  and  twin  surfaces  (chin  fins)  located  forward  of  the  center  of 


gravity.  At  low  altitude  and  high  subsonic  speed,  these  surfaces  are  capable  of 


generating  greater  than  1-g  of  zero-moment  lateral  force. 


1.5  LWA  MAN- IN- THE- LOOP  SIMULATION 

The  basic  objective  of  the  man-in-the-loop  simulation  task  was  to  evaluate 
the  effects  of  VT/SC  and  DSFC  on  air-to-ground  weapon  delivery  accuracy  and  survi¬ 
vability  (Figure  1-4).  In  addition,  four  other  preliminary  design  areas  were 
addressed: 

1.  Flight  control  system  design  and  cockpit  control  locations  and  mechaniza¬ 
tions 

2.  Comparison  of  zero  yaw  rate  sideslip  and  controlled  yaw  rate  modes  of 
DSFC 

3.  Effects  of  crosswind  on  DSFC  utility 

4.  Impact  of  DSFC  on  landing  approach. 
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FLIGHT  PROFILES 


Figure  1-4  Man-in-the-Loop  Simulation  Used  TAC  Pilots  and  23MM  Gun  Threat 

Another  important  aspect  of  the  man- in- the- loop  simulation  work  was  the  oppor¬ 
tunity  to  involve  the  user,  i.e.,  the  pilot,  in  the  early  stages  of  the  design  pro¬ 
cess.  To  maximize  this  benefit,  the  USAF  Tactical  Air  Command  (TAC)  provided  three 
current  fighter  pilots  for  the  simulation  task.  The  impressions  and  guidance  pro¬ 
vided  by  these  pilots  are  considered  equally  as  important  as  the  quantitative 
evaluations . 

1.6  RECOMMENDATIONS 

The  results  which  are  documented  in  this  report  lead  to  the  following  recom¬ 
mendations  : 

1.  A  manned  flight  vehicle  program  should  be  undertaken  with  the  objective 
of  demonstrating  VT/SC  and  advanced  composites  technologies.  Other  tech¬ 
nology  concepts  which  show  potential  payoff  should  also  be  incorporated, 
e.g.,  DSFC,  CCV/fly-by-wire,  and  vortex  lift  enhancement. 

2.  Utilization  of  man-in-the-loop  simulation  as  a  preliminary  design  tool 
should  be  continued.  Simulation  provides  an  excellent  medium  for  communi¬ 
cation  between  the  user  and  the  designer. 
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GROUND  SCENE 
PROJECTOR 
(Flying  Spot 
Video  Scanner 
Type)  \ 


6  DEGREES -OF -FREEDOM  DYNAMIC  SCENE 

HYBRID  COMPUTERS 


F 

ft 

AIR-TO-GROUND 

WEAPON 

DELIVERY 

ACCURACY 


.SIMULATED 
23  MM 
"ADVANCED 
GUN-DISH" 


GROUND  ATTACK 
SURVIVABILITY 


SECTION  2 


L  W  A  CONFIGURATION  29 


LWA  Configuration  29  which  was  simulated  for  configuration  validation  and  re¬ 
finement  is  described  in  the  following  paragraphs.  The  simulated  configuration  is 
very  similar  to  LWA  Configuration  27  which  is  described  in  Appendix  D.  Discussions 


of  the  basic  configuratiai  approach  and 


Table  2-1  CONFIGURATION  29  WEIGHT  STATEMENT 


Structure 

(5, 874) 

WING 

1,922 

FUSELAGE 

2,337 

CANARD 

384 

VERTICAL  TAIL 

171 

CHIN  FINS 

36 

LANDING  GEAR 

(620) 

MAIN 

410 

NOSE  _ 

no 

LANDING  GEAR  CONTROLS 

100 

AIR  INDUCTION 

404 

Propulsion  System 

(4, 137) 

ENGINE 

3,100 

FUEL  SYSTEM 

175 

ACCESSORIES- 

212 

VT/SC  DUCT  AND  NOZZLE  _ 

650 

Systems  and  Equipment 

<3,  lfifi) 

FLIGHT  CONTROLS. 

75° 

INSTRUMENTS 

93 

HYDRAULIC  4  PNEUMATIC. 

385 

ELECTRICAL 

290 

AVIONICS 

1,200 

FURNISHINGS 

300 

AIR  CONDITIONING  4  ANTI-ICING 

ISO 

W-.‘ight  Empty 

13,  179 

Useful  Load 

(92?) 

CREW  .  . 

225 

GUN  INSTALLATION- 

462 

WEAPON  RACKS 

180 

MISCELLANEOUS 

-  .55  j 

Basic  ODeratino  Weiaht 

14. 101  lbs 

i _ : _ : _ : _ : _ 

Table  2-2  CONFIGURATION  29  ENGINE  CHARACTERISTICS 


UNINSTALLED  SLS  THRUST _ 28,000  LB 

BY-PASS  RATIO _ 1.5 

FAN  PRESSURE  RATIO _ 4.0 

OVERALL  PRESSURE  RATIO _ 30.0 

TURBINE  INLET  TEMPERATURE _ 3200°R 

WING  DUCT  BURNING  TEMPERATURE _ 2000°R 


justification  of  this  approach,  presented 
in  detail  in  Appendix  D,  are  not  repeated 
here. 

2.1  GENERAL  DESCRIPTION 

The  general  arrangement  and  geomet¬ 
rical  characteristics  of  Configuration  29 
are  shown  in  Figure  2-1.  The  primary  dif¬ 
ference  between  the  Configuration  29  ar¬ 
rangement  and  that  of  Configuration  27  is 
in  the  location  of  the  internal/conformal 
bay  and  the  gun. 

The  configuration  incorporates  an 
advanced  composites  structure.  The  struc¬ 
tural  design  weight  is  22,500  pounds.  A 
weight  breakdown  is  given  in  Table  2-1. 

An  aircraft  gross  weight  of  21,000  pounds 
was  used  in  the  simulation. 

The  propulsion  system  includes  an 
advanced  technology  turbofan  (Table  2-2). 
The  engine  th.:ust  is  augmented  by  wing  duct 
burning,  but  an  afterburner  is  not  incor¬ 
porated.  The  fan  air  is  ducted  to  the  in¬ 
board  wing  trailing  edge  and  exhausted 
through  a  two-dimensional,  vectorable 
nozzle  during  cruise  and  VT/SC  operation. 
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-37  ft.  3  in. 
..55  ft  11  in. 
-18  ft.  7.5  in. 


•  Span  *  Overall _ 

•  Length  -  Overall.. 

•  Height  -  Overall _ 

•Wing  (Theoretical!: 

Area - 300  sq.  ft. 

Aspect  Ratio _ 4.0 

Thickness  Ratio  (RMS! _ 0625 

Leading  Edge  Sweep _ 30^/47° 

•  OTHER  AREAS: 

Canard  (All -Movable) _ 50  sq.  ft. 

Aft  Vertical  Tail  (All -Movable) _ 33  sq  ft. 

Forward  Vertical,  Each  (All -Movable!..  5.0  sq.  ft. 
Flaperon - 31  sq.  ft. 


General  Arrangement 


DIRECT  HR  -  g's 


2.2  VT/SC  AND  DfPC 


The  objective  of  implementing  VT/SC  is  to  improve  maneuver  capability.  The 
comparative  effect  on  the  aircraft  performance  is  Indicated  in  Figure  2-2.  The 


•  MAX  POWER  (WDB  AND  A/BI 

•  NO  EXTERNAL  STORES 


Figure  2-2  Typical  LWA  Aerodynamic  Performance  at 
MO.  9,  30,000  Feet  Altitude 


Figure  2-3  Configuration  29  Oirect  Lift  Capability 


transonic  buffet-free  lift  coefficient 
is  more  than  doubled  with  VT/SC.  Above 
a  lift  coefficient  of  0.6,  VT/SC  provides 

higher  energy  turns.  Similar  improve- 

I 

ments  are  obtained  throughout  the  speed 
regime . 

The  use  of  VT/SC  for  direct  lift  con¬ 
trol  (l.e.,  the  capability  to  change  lift 
without  an  attendant  angle-of-attack 
change)  is  possible  (Figure  2-3).  The 
lift  forces  which  VT/SC  is  capable  of  gen¬ 
erating  are  very  significant  compared  to 
other  candidate  direct  lift  approaches. 


The  objective  of  implementing  DSFC  is  Figure  2-4  LWA  Configuration  29  Maximum 

Side  Acceleration 

to  provide  the  capability  to  make  lateral  flight  path  changes  without  rolling  the 
aircraft.  Of  the  several  candidate  approaches  to  generating  DSFC  forces,  the  chin 
fins  are  best,  because  they  result  in  the  largest  force  and  the  least  coupling  with 
other  aircraft  axes  (Figure  2-4). 
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SECTION  3 

GROUND  ATTACK  AND  LANDING  SIMULATION 

The  overall  objective  of  the  LWA  man-in- the-loop  simulation  was  to  determine 
the  effectiveness  of  the  advanced  technology  concepts  of  Vectored  Thrust/Super- 
Circulation  (VT/SC)  and  Direct  Sideforce  Control  (DSFC)  in  realistic  manned  opera¬ 
tional  tasks,  particularly  in  those  tasks  involving  severe  time  constraints  or 
high  pilot  workload.  The  simulation  task  involved  (1)  developing  equations  to 
describe  the  selected  LWA  Configuration  29,  (2)  programming  the  Convair  hybrid 
computing  facility  to  represent  the  aircraft,  (3)  modifying  the  Convair  cockpit 
facility  to  fulfill  the  requirements  of  the  task,  and  (4)  conducting  one  week  of 
simulation  data  gathering  with  three  USAF  TAC  pilots.  The  simulation  setup  en¬ 
compassed  the  complete  airplane  flight  spectrum;  however,  the  tasks  performed  by 
the  pilots  during  the  evaluation  phase  were  limited  to  ground  attack  weapon  de¬ 
livery,  landing,  and  low  altitude  survivability  maneuvers. 

3.1  SIMULATION  SETUP 


The  LWA  configuration  preliminary  design  and  analysis  phase  culminated  in 
selection  of  «'on  guration  29  as  the  point  design  airplane  for  the  simulation 


Figure  3-1  Simulation  Facility  Block  Diagram 


evaluation.  Theoretical  and  empirical 
aerodynamic  data  developed  during  the 
design  analysis  were  used  as  input  for 
the  simulation.  Weight,  inertia,  and 
engine  data  for  the  specific  configura¬ 
tion  were  predicted  by  use  of  current 
theoretical  and  empirical  techniques.  A 
full  definition  of  the  simulated  airplane 
is  presented  in  Appendix  I.  The  simula¬ 
tion  setup  is  depicted  in  Figure  3-1. 
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The  equations  used  to  calculate  the  forces  and  moments,  including  those  at¬ 
tributed  to  vectored  thrust/supercirculation  with  variation  in  power  setting  and 
vector  angle,  and  the  airplane  equations  of  motion  that  were  developed  for  the 
simulation  are  given  in  Appendix  I.  These  equations,  along  with  equations  to  re¬ 
late  the  airplane  flight  path  with  respect  to  earth  axes,  were  programmed  into  a 
hybrid  computer  system  consisting  of  an  EAI  640  digital  computer  and  two  EA1  231-R 
analog  consoles,  which  provided  real  time  solution. 

The  hybrid  computation  was  interfaced  with  the  Convair  advanced  cockpit  simu¬ 
lator  ,  visual  scene  projection  system,  and  peripheral  magnetic  tape  and  strip 
chart  recording  systems. 

The  air-to-ground  scene  projection  system  consists  of  a  scene  transparency,  a 
servoed  flying-spot  scanner,  and  servoed  projection  equipment  which  produces  an 
earth  scene  having  complete  6  degrees-of-freedom  (linear  and  angular)  and  perspec¬ 
tive  cues.  The  scene  was  projected  onto  a  screen  directly  in  front  of  the  cockpit. 
The  sight  was  mounted  on  the  screen  to  simulate  an  autoccllimated,  fixed,  depressed 
reticle  bomb  sight  (Figure  3-2). 

The  Convair  advanced  cockpit  simulator  will  accommodate  two  control  stick 
locations,  one  center  mounted  on  the  floor  and  one  side  mounted,  plus  rudder 
pedals,  throttle  with  speed  brake  control,  and  a  complete  sec  of  flight  and  engine 
instruments.  The  sidestick  location  was  selected  for  use  in  this  simulation. 

The  cockpit  was  modified  to  provide  a  flap  handle  j  ist  outboard  of  the 
throttle  and  to  provide  a  proportional  thumb  switch  on  the  side  stick  as  shown 

in  Figure  3-3.  The  flap  handle  is  used 
to  position  the  vectored  thrust  nozzle 
angle  at  the  wing  trailing  edge  and  the 
thumb  switch  serves  as  one  of  the  direct 
sideforce  controllers.  The  rudder  pedals 
served  as  the  other  controller  for  direct 
sideforce.  and  a  switching  capability 

Figure  3-2  Cockpit  General  Arrangement  was  Provided  to  permit  the  rudder  pedals 


VT/SC  CONTROL 
(An  TO  VECTOR 
THRUST) 


ARMREST' 


DEPRESSED  RETICLE  SIGHT 
FIXED  ON  SCREEN 
(5  MIL  GRADATIONS) 


INSTRUMENTS 


.SIDESTICK 

CONTROLLER 

(FORCE) 

DSFC  THUMB 
SWITCH 
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'C  Control  Handle  (Forward  Position 
for  No  Thrust  Vectoring) 


Direct  Sideforce  Thumb  Switch  Control 
(Mounted  on  Sidestick  Controller) 


to  operate  in  their  normal  rudder  control 
function  or  in  the  sideforce  control  func¬ 
tion.  The  pitch,  roll,  and  rudder  control 
force  gradients  were  typical  for  fighter 
aircraft  and  are  shown  in  the  control 
system  block  diagrams  of  Appendix  I. 

The  command  and  stability  augmenta¬ 
tion  flight  control  system  developed  for 
Configuration  29  provided  two  methods  of 
employing  the  sideforce  control  as  dis¬ 
cussed  in  Section  3.3.  The  flight  con¬ 
trol  system  was  checked  out  prior  to  the 


Figure  3-3  Cockpit  Modifications  for  VT/SC 
and  DSFC  Controllers 


The  VT/SC  evaluation  runs  consisted 
of  a  roll-in  from  an  initial  altitude 
(13,000  feet)  and  speed  (400  and  575 
ktas)  to  a  given  dive  angle  (30,  45,  and 
60  degrees).  Three  thrust  conditions 
were  evaluated  during  the  dive  maneuvers  for  each  type  of  attack:  (1)  idle  power, 
no  thrust  vectoring;  (2)  25  percent  intermediate  power,  50-degree  thrust  vector; 
and  (3)  50  percent  intermediate  power,  50-degree  thrust  vector.  Each  of  the  three 
pilots  performed  this  matrix  of  18  runs. 

Pullout  from  each  dive  was  initiated  at  4000  feet  altitude  and  the  airplane 
was  put  into  a  60  degree  climb  back  to  10,000  feet.  For  the  non-VT/SC  case,  the 
pullout  and  climb  were  made  with  maximum  power,  that  is,  with  the  engine  at 


evaluation  runs ,  and  the  conventional 
configuration  handling  qualities  were 
found  to  be  compatible  with  the  require¬ 
ments  of  MIL-F-8785B. 

3.2  VT/SC  EVALUATION 
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AVERAGE  PULLOUT  SPEED  -  KTAS 


Intermediate  power  plus  wing  duct  burning  (WDB) .  However,  for  the  cases  with  50 
degree  thrust  vectoring,  the  available  lift  resulting  from  maximum  power  was  beyond 
Lne  aircraft  structural  limit,  so  the  VT/SC  pullouts  were  set  at  intermediate  power 
without  WDB. 

For  a  fixed  pullout  speed,  the  effect  of  VT/SC  in  this  attack  sequence  is  to 
reduce  the  altitude  loss  from  pullout  initiation  to  minimum  altitude  and  to  reduce 
the  time  to  climb  to  altitude  (Figure  3-4).  Both  results  are  beneficial  in  that 


low-altitude  exposure  of  the  aircraft  is 
reduced,  and  survivability  is  increased. 

The  data  taken  do  not  permit  quanti¬ 
fications  of  the  VT/SC  effects  in  those 
specific  terms.  (The  different  dive 
power  settings  resulted  in  different 
pullout  speeds.)  However,  it  is  noted 
from  the  data  given  in  Appendix  J  that 
the  altitude  losses  and  times  to  climb 
for  the  different  power  and  vector  angle  settings  are  roughly  the  same  for  fixed 
initial  speed  and  dive  angle.  This  fact  allows  quantification  of  the  VT/SC  effect 
by  comparing  pullout  speeds  for  essentially  equivalent  altitude  losses  and  times 
to  climb  (Figure  3-5)  .  It  is  noted  again  that  the  VT/SC  pullout  is  made  at  inter¬ 


Figure  3-4  VT/SC  Can  Decrease  Exposure  for  Given 
Pullout  Speed 


mediate  power  and  the  non-VT/SC  operation  is  at  maximum  power. 


GIVE  ANGLE  -  DEGREES 

Figure  3-5  VT/SC  Allows  Increased  Pullout  Speed 


In  addition  to  providing  improved 
turning  capability  to  increase  ground 
attack  survivability,  the  VT/SC  can  also 
be  employed  to  improve  reattack  capabili¬ 
ty.  The  ability  to  perform  a  reattack 
maneuver  without  losing  sight  of  the  tar¬ 
get  or  letting  the  target  escape  could  be 
very  valuable.  This  feature  was  not  a 
part  of  the  VT/SC  evaluation. 
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The  VT/SC  effects  were  qualitatively  noted  during  the  simulated  landing  ap¬ 
proach  maneuvers.  It  was  demonstrated  that  use  of  the  VT/SC  considerably  reduced 
the  airplane  angle  of  attack  during  this  flight  phase  as  compared  to  that  of  the 
same  configuration  without  use  of  VT/SC.  The  decrease  in  angle  of  attack  greatly 
improved  pilot  visibility  of  the  runway,  and  all  of  the  DSFC  landing  approach  evalu¬ 
ation  runs  were  made  with  the  use  of  VT/SC. 

3.3  DSFC  EVALUATION 

Previous  studies  on  direct  sideforce  control  by  Cornell  and  Boeing  provided 

the  background  for  further  investigation  of  the  benefits  of  sideforce  implementa- 

1  2 

tion  and  the  control  mechanization  methods.  *  The  Cornell  study  indicated  that 
the  pilots  preferred  an  independent  sideforce  controller,  one  that  was  not  associ¬ 
ated  with  the  primary  flight  controls;  but  the  thumb  wheel  mechanization  used  in 
the  Cornell  study  was  not  adequate.  The  Cornell  findings  led  to  the  development 
of  the  proportional  command  thumb  switch  for  the  LWA  simulation  evaluation  (Figure 
3-3). 

Results  from  both  studies  indicated  that  rudder  pedals  would  serve  as  an 
acceptable  method  of  sideforce  control.  However,  use  of  the  rudder  pedals  for  DSFC 
precludes  normal  rudder  control.  Therefore,  one  phase  of  the  simulation  evaluation 
was  devoted  to  pilot  comparison  of  these  two  candidate  control  methods. 

Two  types  of  airplane  response  can  be  obtained  from  application  of  direct  side- 
force  control  input.  One  mode  is  to  develop  a  sideslip  angle  without  changing  the 
airplane  heading  which  results  in  a  lateral  translation  of  the  airplane  flight  path. 
The  other  mode  is  to  use  the  sideforce  to  curve  the  airplane  flight  path  and,  by  main 
taining  zero  sideslip,  developing  a  yaw  rate  and  thus  a  change  in  airplane  heading. 


^Hall,  Warren  G.,  A  Flight  Test  Investigation  of  Direct  Side  Force  Control.  Air 
Force  Flight  Dynamics  laboratory  Technical  Report  AFFDL-TR-71-106,  September  1971. 

2 

An  Investigation  of  Direct  Sideforce  Control  for  Improving  Maneuver  Capability 
of  Attack  Aircraft,  The  Boeing  Company,  Report  D  180-14004-1,  October  1971. 
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The  first  mode  was  termed  the  "sideslip"  or  /Sinode  and  the  second,  the  "yaw  rate"  or  ip 
mode.  In  either  mode,  any  aerodynamic  coupling  between  DSFC  forces  and  other  axes  was 
removed  by  the  flight  control  system.  The  Cornell  and  Boeing  studies  were  oriented 
toward  use  of  sideforce  control  during  ground  attack  and  a  preference  toward  the 
yaw  rate  mode  was  indicated  for  that  task.  The  LWA  simulation  evaluation  was  ex¬ 
panded  to  include  landing  approach  to  determine  if  a  change  in  flight  phase  would 
change  the  preferred  sideforce  mode.  Both  modes  were  incorporated  in  the  LWA  simu¬ 
lation,  and  switching  was  provided  to  enable  comparative  evaluation  of  the  two  modes 
for  the  ground  attack  and  landing  approach  runs. 

One  objective  of  the  simulation  was  to  conduct  the  runs  in  a  manner  to  repre¬ 
sent  a  realistic  combat  situacion  while  maintaining  sufficient  control  on  the 
initial  flight  conditions  to  obtain  meaningful  quantitative  data  for  comparison. 

To  this  end,  discussions  were  held  with  the  Air  Force  TAC  pilots  prior  to  the  DSFC 
ground  attack  evaluation.  The  pilots  desired  a  roll-in  maneuver  to  the  target 
which  would  provide  them  with  typical  target  alignment  tasks.  Also,  in  view  of 
the  expected  future  threat,  it  was  felt  that  high  flight  speeds  would  be  necessary 
for  survival. 

The  resultant  ground  attack  evaluation  run  sequence  was  as  follows:  Each  run 
started  with  a  12,000-foot  range  and  a  12,000-foot  lateral  offset  from  the  target 
and  included  a  roll-in  from  an  initial  altitude  of  13,000  feet  at  an  airspeed  of 
400  kias.  The  dive  angle  was  45  degrees  with  bomb  release  at  4000  feet  altitude 
and  558  kias.  The  depression  angle  of  the  fixed  sight  was  set  to  agree  with  the 
above  drop  condition  and  thus  gave  the  proper  sight  pendulum  effect. 

The  run  matrix  of  30  runs  summarized  in  Table  3-1  was  performed  by  each  pilot. 

The  run  matrix  allowed  comparison  of  the  conventional  flight  control  with  combina¬ 
tions  of  the  two  DSFC  controllers  and  the  two  DSFC  modes  with  and  without  crosswind 
effects.  The  VT/SC  was  not  used  during  the  DSFC  ground  attack  runs. 

The  objective  of  the  DSFC  ground  attack  evaluation  was  to  measure  and  compare 
pointing  errors  and  bomb  miss  distances  based  on  the  fixed,  depressed  reticle  aiming 
system.  Previous  studies  have  shown  that  DSFC  can  effect  significant  improvements 
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Table  3-1  DSFC  GROUND  ATTACK  EVALUATION  RUN  MATRIX  FOR  EACH  PILOT 


•  INITIAL  CONDITIONS:  13,000  FEET  ALTITUDE;  400  KIAS;  STRAIGHT  AND  LEVEL 

•  DROP  CONDITIONS:  45-DEGREE  DIVE  ANGLE;  4000  FEET  ALTITUDE;  558  KIAS 

RUN  NO. 

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30 

CROSSWIND 

•  NONE 

V - V 

•  30  KTS 

v - y 

DSFC  CONTROLLER 

•  RUDDER  PEDALS 

V - V  V - V 

•  THUMB  SWITCH 

V - y  y - y 

DSFC  MODE 

•  NONE 

y  y  v  y  y  y 

•  SIDESLIP,  0 

y  y  y  y  y  y  y  y  V  y  y  y 

•  YAW  RATE,  V 

y  y  y  y  y  y  y  y  y  y  y  y 

in  accuracy  under  these  conditions  by  removing  the  pendulum  effect  normally  in¬ 
curred  with  this  type  of  bomb  sight.  This  study  extended  these  prior  investiga¬ 
tions  to  include  evaluations  of  the  DSFC  controllers  and  modes. 

The  computed  weapon  impact  points  for  each  pilot  are  recorded  in  Appendix  J. 
The  impact  points  were  calculated  using  vacuum  ballistics  from  the  actual  release 
conditions  existing  when  the  pilot  squeezed  the  bomb  release  trigger  on  the  control 
stick.  The  averaged  azimuth  pointing  errors  at  the  time  of  bomb  release  are  shown 
in  Figure  3-6.  The  azimuth  errors  were  generally  small  as  was  expected.  Interest¬ 
ingly,  the  effect  of  DSFC  on  azimuth 


Figure  3-6  DSFC  Did  Not  Improve  Azimuth  Pointing 
Accuracy 


pointing  error, 
task.  Had  this 
possible . 


errors  was  a  marginal  improvement  or 
even  a  detrimental  effect. 

There  are  three  factors  which  may 
have  some  bearing  on  these  results. 

First,  there  may  have  been  adequate  time 
during  the  dive  to  make  the  necessary 
double-roll  maneuvers  in  the  conventional 


configuration  to  minimize  the  azimuth 
From  10  to  15  seconds  were  available  to  the  pilot  for  the  alignment 
time  been  reduced,  fewer  correction  maneuvers  would  have  been 
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Second,  the  initial  roll-in  and  gross  alignment  correction  was  made  by  con¬ 
ventional  control  methods;  for  the  DSFC  modes,  the  pilot  had  to  mentally  decouple 
the  heading  and  roll  axes  for  the  final  tracking  tasks.  The  pilots  had  a  tendency 
to  continue  to  make  heading  corrections  with  roll  even  while  applying  the  DSFC  and 
thus,  in  many  cases,  they  did  not  take  full  advantage  of  the  DSFC  capability. 

Third,  the  pilots  did  not  have  enough  experience  with  DSFC  to  mentally  define 
its  region  of  operation.  That  is,  the  pilots  did  not  know  for  sure  how  close  the 
initial  correction  had  to  be  before  they  could  comfortably  rely  on  the  DSFC  to  make 
the  final  corrections.  It  is  evident  that  in  order  to  overcome  these  last  two 
factors  the  pilots  would  need  to  participate  in  a  more  lengthy  training  program. 

Comparisons  of  average  elevation  pointing  errors  are  given  in  Figure  3-7.  Use 
of  the  DSFC  thumb  switch  controller  in  the  yaw  rate  mode  gave  consistent  improvement 

in  the  elevation  pointing  accuracy.  Ap- 


Figure  3-7  DSFC  with  Yaw  Rate  Mode  and  Thumb  Switch 
Gave  Consistent  Improvement  in  Elevation 
Pointing  Accuracy 


parently  the  pilot's  ability  to  make  the 
proper  elevation  corrections  is  degraded 
during  the  double  roll  maneuver  with  the 
sight  pendulum  effect.  By  reducing  or 
eliminating  the  rol.  n.g  laneuvers  with 
DSFC,  the  pilot  can  better  relate  the 
sight  and  target  vertically  to  make  the 


necessary  pitch  corrections.  The  fact 

that  no  improvement  is  shown  with  the  rudder  pedal  controller  may  be  due  to  the 
ease  with  which  the  pilots  can  make  elevation  and  azimuth  corrections  by  hand, 
a  familiar  method  to  them,  as  compared  to  separating  the  control  functions  to  the 
hand  for  elevation  and  to  the  feet  for  azimuth  correction. 

The  finding  that  the  elevation  pointing  error  with  conventional  control  with 
the  30  knot  crosswind  is  less  than  that  for  conventional  control  without  crosswind 
was  unexpected.  Since  the  DSFC  runs  show  the  expected  accuracy  degradation  with 
crosswind,  it  is  probable  that  the  average  conventional  results  with  crosswind  are 
favorably  biased  by  the  relatively  small  sample  size,  i.e.,  nine  runs. 
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The  total  effect  of  DSC  is  measured  by  the  average  weapon  miss  distance 
(Figure  3-8).  This  measurement  reflects  not  only  the  pilot's  ability  to  point  the 

aircraft,  but  also  the  effect  of  the 
different  pointing  methods  on  his  capa¬ 
bility  to  perform  the  other  necessary 
functions,  i.e.,  attain  the  required 
dive  angle,  altitude,  and  speed  for 
weapon  release. 

Although  the  effect  of  DSFC  on  point¬ 
ing  errors  is  not  consistently  good  for 
all  DSFC  modes  and  controllers,  the  bomb 
miss  distances  are  better  for  all  DSFC 
cases  with  no  crosswind.  It  appears, 
therefore,  that  DSFC  definitely  improves  the  pilot's  ability  to  achieve  the  desired 
angle,  altitude,  and  speed  for  weapon  release. 

The  rudder  pedal  controller  mode  appears  inferior  to  the  thumb  switch  control¬ 
ler  with  regard  to  total  pilot  control  coordination  for  the  target  tracking  task. 
This  may  be  attributed  to  the  hand/foot  coordination  difficulty  mentioned  above. 

When  the  thumb  switch  controller  is  used,  the  yaw  rate  DSFC  mode  appears  somewhat 
better  for  both  crosswind  cases.  For  this  mode,  the  bomb  miss  distance  improve¬ 
ments  with  and  without  crosswind  are  approximately  equal  in  magnitude,  but  the 
percentage  improvement  is  less  in  the  crosswind  case. 

The  use  of  DSFC  during  landing  was  investigated  during  the  simulation  by  having 
each  pilot  complete  a  matrix  of  15  approaches  wherein  the  effects  of  the  DSFC  con¬ 
troller,  DSFC  mode,  crosswind  and  turbulence  were  evaluated  (Table  3-2).  The  data 
taken  during  the  runs  consisted  of  time  histories  of  the  state  variables.  Some  of 
the  time  history  data  obtained  are  included  in  Appendix  J.  The  initial  condition 
of  each  run  was  40,000  feet  from  the  runway  with  a  5-degree  glide  slope  and  a 
3000-foot  lateral  offset  to  the  left  of  the  runway  centerline.  The  pilot  task  in 
each  case  was  to  make  the  lateral  offset  correction  and  continue  the  landing 


Figure  3-8  DSFC  Improved  Weapon  Delivery  Accuracy  Up 
to  30  Percent 


Table  3-2  DSFC  LANDING  APPROACH  EVALUATION  RUN  MATRIX  FOR  EACH  PILOT 


•  INITIAL  CONDITIONS: 

40,000 

FEET 

RANGE;  160 

KIAS;  5-DEGREE 

GLIDE 

SLOPE 

RUN  NO. 
CROSSWIND 

•  0  KTS 

•  30  KTS 

1  2 

3 

4 

5 

v 

6 

7 

8  9 

10 

11 

12 

13 

14 

15 

V 

x/ 

y/ 

DSFC  CONTROLLER 
•  RUDDER  PEDALS 
•THUMB  SWITCH 

V 

✓ 

V 

✓ 

V 

V 

V 

>/ 

V 

V 

V 

V 

DSFC  MODE 

•  NONE 

•  SIDESLIP,  >3 

•  YAW  RATE,  4* 

y 

V 

✓ 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

TURBULENCE 

•NONE 

•11.4  b/sec  rrm 

1/ 

V 

«/ 

1/ 

V 

approach  until  just  before  touchdown.  The  crosswind  in  the  problem  was  from  the 
right  and  thus  the  pilot  had  to  overcome  both  the  lateral  offset  plus  the  cross- 
wind  to  align  with  the  runway  and  then  he  had  to  continue  the  approach  while  com¬ 
pensating  for  the  crosswind. 

Examination  of  the  data  indicates  that  without  crosswind  a  smoother  approach 
can  be  made  with  the  DSFC  sideslip  mode  engaged  than  with  the  conventional  configu¬ 
ration  (Figure  3-9).  Also,  it  appears  that  the  rudder  pedals  are  preferable  with 
the  sideslip  mode  since  the  runs  made  with  the  rudder  pedal  are  slightly  smoother 
than  those  with  the  thumb  switch  and  since  the  pilot  can  apparently  hold  the  con¬ 
trol  with  his  feet  for  a  longer  time  with  less  fatigue  than  with  his  thumb. 

The  yaw  rate  mode  does  not  appear  to  offer  any  improvement  since  a  considerable 
amount  of  roll  control  is  still  required  as  well  as  DSFC.  Also,  in  order  to  make  a 
lateral  displacement  correction,  the  pilot  must  leave  the  runway  heading  and  fly  a 
crosstrack  until  he  feels  he  is  nearing  the  runway  centerline.  With  the  sideslip 
mode,  the  airplane  heading  is  maintained  with  that  of  the  runway,  and  the  pilot  is 
given  a  more  positive  cue  as  to  when  the  lateral  error  has  been  corrected. 

The  DSFC  sideslip  mode  can  also  be  used  to  advantage  during  crosswind  landing 
to  reduce  roll  and  crab  angles.  The  DSFC  control  power  requirements  to  correct  for 
lateral  displacement  plus  crosswind  were  found  to  be  quite  high;  but,  if  the 
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Airplane  Initial  Lateral  Offset  is  3000  Ft  Left  of  Runway 


Figure  3-9  OSFC  Sideslip  Mode  with  Rudder  Pedal  Control  Provided  Smoother  Approaches 


initial  gross  lateral  displacement  is  made  by  conventional  techniques,  the  remain¬ 
der  of  the  landing  problem  is  considerably  simplified  with  the  sideslip  mode.  It 
appears  that  the  thumb  controller  gives  a  smoother  approach  than  the  rudder  pedals 
with  crosswind.  The  yaw  rate  mode  with  crosswind,  as  in  the  cases  without  cross- 
wind,  does  not  offer  any  improvement  over  the  conventional  configuration 

3.4  PILOT'S  COMMENTS  • 


The  three  USAF  TAC  pilots  who  participated  in  the  ground  attack  simulation 
task  were  current  in  fighter /attack  aircraft.  All  had  recent  Southeast  Asia  ex¬ 
perience.  A  "consensus"  report  was  prepared  by  the  pilots,  and  excerpts  related 
to  the  evaluations  are  given  below.  The  complete  report  is  documented  in  Append!..  I. 

"5.  To  evaluate  powered  lift,  each  pilot  ran  through  a  series  of  dive 
bomb  passes  varying  roll-in  airspeed,  dive  angle,  power  setting  and 
jet  flap  deflection  angle.  Data  were  collected  to  determine  the  effect 
of  the  jet  flap  on  controlling  airspeed  in  the  dive  and  on  decreasing 
altitude  lost  during  recovery.  It  was  obvious  to  all  pilots  that  the 
jet  flap  would  produce  somewhat  of  a  speedbrake  effect  when  used  in  the 
dive.  Maximum  utilization  of  the  jet  flap  during  recovery  both  de¬ 
creased  altitude  lost  during  pullout  and  decreased  time  to  establish  a 
climb  back  to  above  10,000  feet  AGL.... 
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"6.  The  evaluation  of  direct  sideforce  was  in  two  parts.  The  first 
part  was  a  series  of  dive  bomb  passes  in  which  the  pilot's  ability  to 
solve  lateral  pipper  placement  and  drift  was  evaluated.  Variable  con¬ 
ditions  included  crosswind,  direct  sideforce  control  (DSFC)  in  both 
sideslip  and  yaw  rate  modes  and  the  position  of  the  direct  sideforce 
controller  using  rudders  or  a  thumb  switch.  If  the  original  pipper 
placement  was  in  excess  of  30-50  mils  error,  all  pilots  preferred  to 
use  conventional  rudder  and  bank  control  to  reposition  it.  Once  the 
pipper  was  close  to  the  target,  DSFC  could  effectively  be  used  to  solve 
the  rest  of  the  pipper  placement  problem.  The  pilots  were  not  always 
confident  that  they  could  achieve  consistent  solutions  with  DSFC.  Due 
to  occasional  malfunctions  with  the  simulator  and  the  lack  of  experi¬ 
ence  to  create  their  own  'techniques'  for  DSFC  placement  of  the  pipper 
the  pilots  did  not  have  an  obvious  feel  for  one  method  being  superior 
to  the  other. 

"7.  The  second  part  of  the  DSFC  evaluation  was  during  approaches  to 
landing.  Straight  in  approaches  were  made  with  and  without  cross- 
winds.  Again,  the  two  types  of  DSFC  and  the  position  of  the  controller 
were  evaluated.  The  pilots  disagreed  on  which  mode,  yaw  rate  or  side¬ 
slip,  they  could  utilize  most  effectively,  but  they  did  agree  that  DSFC 
could  assist  the  pilot  during  approaches  and  landings.  All  pilots 
wanted  to  retain  conventional  rudder  and  roll  capabilities  with  DSFC 
being  an  additional  instead  of  a  replacement  feature.  Placement  of  a 
DSFC  switch  on  the  stick  was  considered  unwise.  The  control  stick  is 
the  direct  force  type  and  unwanted  inputs  could  be  generated  while 
actuating  the  DSFC  switch  with  the  thumb.  A  throttle  location  should 
be  considered. . . . 

"8.  Pilot  comments  on  the  mechanization  of  the  simulation:  Video  field 
of  view  was  too  small.  In  side  slip  mode,  roll  was  limited  to  less  than 
180  degrees.  A  fixed  armrest  for  the  stick  arm  was  not  equally  com¬ 
fortable  to  each  pilot.  Rudder  force  control  was  not  the  right  magni¬ 
tude.  Using  full  afterburner  and  full  jet  flaps  during  dive  recovery 
would  overflow  the  computer  memory. 

"9.  Recommendations:  Further  investigation  into  the  use  of  powered 
lift  and  direct  sideforce  devices  should  definitely  be  continued. 
However,  the  advantages  in  maneuverability  that  these  devices  provide 
should  be  examined  over  the  entire  flight  profile.  The  survivability 
and  defensive  ability  of  a  ground  attack  aircraft  should  be  greatly 
improved  by  the  proper  utilization  of  these  devices.  All  pilots  in¬ 
volved  would  like  to  see  the  next  simulation  of  the  LWA  address  the 
entire  mission  profile.  The  DSFC  is  available  at  only  a  small  cost  in 
terms  of  weight  and  complexity  but  provides  much  in  the  way  of  addi¬ 
tional  maneuverability  both  offensively  and  defensively.  Incorpora¬ 
ting  powered  lift  would  not  be  as  cheap,  but  at  combat  airspeeds  it  is 
cheaper  In  terms  of  added  weight  per  unit  of  lift  than  conventional 
aerodynamic  lift. 

"10,  During  the  week,  the  pilots  spent  their  free  time  talking  with 
engineers  from  many  different  departments  at  the  plant.  These  meetings 
proved  to  be  very  informative  for  both  parties  involved.  All  pilots 
felt  it  was  extremely  beneficial  to  have  an  opportunity  to  make  opera¬ 
tionally  oriented  inputs  at  the  concept  and  design  phase.  Many  engi¬ 
neers  and  their  supervisors  expressed  themselves  as  hoping  there  would 
be  future  opportunities  for  dialogue  directly  with  operational  pilots. 

It  is  recommended  that  TFWC  and  TAC  favorably  consider  any  future 
requests  from  AFFDL,  or  the  aerospace  industry,  that  would  allow  opera¬ 
tional  ideas  and  pilots  to  be  a  part  of  new  aircraft  design  at  the  con¬ 
cept  and  design  synthesis  stage." 
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In  addition  to  the  report  quoted  above,  each  pilot  commented  concerning  his 

own  evaluation.  Pertinent  excerpts  from  these  personal  evaluations  are  presented 

below. 

PILOT  A 

"1.  First,  and  perhaps  most  important,  I  feel  that  bringing  the  pilots 
into  the  development  of  a  future  fighter  at  the.  conceptual  stage  is  a 
must.  I  feel  that  the  limited  inputs  that  were  made  will  be  invaluable 
and  save  much  time  and  money. 

"2.  The  Vectored-Thrust  concept  is  extremely  valuable.  The  present 
design  problem  with  negative  angle-of-attack  developing  on  the  forward 
canards  utilizing  maximum  wing-bum  and  maximum  aft-stick  needs  to  be 
worked  out;  however,  any  means  by  which  we  can  obtain  more  performance, 
more  lift  and  climb  out  of  the  groundfire  environment  on  a  quicker  basis 
is  a  bonus.  Care  must  be  taken  in  development  to  insure  that  all  of  the 
additional  lift  capability  can  be  taken  advantage  of  throughout  all 
phases  of  flight,  especially  the  critical  phases  such  as  pull-out  of  a 
dive  delivery  maneuver. 

"3.  The  Direct  Side-Force  Control  is  a  good  concept.  The  advantages 
through  many  phases  of  flight  are  obvious.  However,  your  present 
design  does  not  give  enough  side-force  velocity  to  be  worth  the  cost. 

The  objective  of  side-force  control  should  be  to  avoid  ground-fire, 
not  to  reduce  pendulum-effect  errors  in  the  bombing  problem.  By  1981, 

I  hope  we  are  not  working  with  iron-sight  systems  for  bombing.  In 
modern  sighting  systems,  we  do  not  have  pendulum-effect  problems,  so 
DSFC  should  be  approached  as  another  addition  to  the  maneuverability 
of  the  aircraft,  and  therefore  making  the  aircraft  less  vulnerable. 

"4.  Other  areas  such  as  cockpit  layout,  position  of  control  stick, 
the  fly-by -wire  concept,  and  many  other  details  were  discussed  at 
length  during  the  week  I  was  there.  These  details  must  be  evaluated 
by  pilots  before  being  incorporated  into  the  finished  product  if  we 
are  to  optimize  the  development  cycle. 

"5.  It  is  absolutely  a  requirement  that  as  this  aircraft  is  developed 
further  the  pilots  be  brought  in  again  for  another  evaluation.  The 
benefits  from  such  an  evaluation  should  prove  to  be  immense  in  terms 
of  time  and  money  saved." 

PILOT  B 

"Powered  Lift:  I  could  tell  that  using  (the  VT/SC)  flaps  would  allow 
you  to  roll  in  at  higher  airspeeds  and  power  settings  and  still  have 
the  same  airspeeds  at  release,  but  I  didn't  really  have  a  feel  for  how 
this  was  40  much  greater  than  using  regular  speed  brakes.  No  doubt  on 
recoveries  though.  The  effect  there  was  loud  and  clear.  After  bomb 
release  you  can  recover  with  less  altitude  lost,  rotate  to  a  climb  atti¬ 
tude  quicker,  and  get  back  to  altitude  much  faster. 

"DSFC-Bombing :  I  felt  like  I  could  make  large  corrections  much  easier 

with  conventional  controls,  but  making  those  last  small  corrections 
wa f  aided  by  either  mode.  Unless  I  looked  close  I  wouldn't  notice  the 
difference  in  pipper  track  using  one  mode  versus  the  other.  Sideslip 
always  seemed  slower.  I  felt  like  when  I  was  making  very  small  correc¬ 
tions  that  I'd  have  the  control  in  and  back  out  before  I'd  sec  any 
response . 
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"Rudders  vs.  thumb  switch:  I  know  thri  I'm  not  sure  which  I  like  but 
that's  about  all.  When  using  yaw  rate  I  tried  to  use  the  thumb  switch 
like  a  trim  button  and  that  seemed  pretty  natural.  Only  trouble  (was 
that)  it  was  an  off  to  full-on  movement.  If  I  wantec  some  rate  less 
than  full,  I  felt  more  sure  of  my  degree  of  input  using  rudders.  But 
then  this  ties  up  rudders  so  they  aren't  conventional.  Now  sideslip. 
Again,  incremental  application  would  seem  best  with  the  thumb.  Only 
thing  is  I  don't  know  how  violent  this  would  be  going  from  off  to  full- 
on  all  the  time.  Once  you're  on  course  and  want  only  a  small  input  I'd 
rather  use  rudders.  In  any  case  I  don  t  think  you  want  the  control  on 
the  stick.  If  you're  applying  only  thumb  power  for  DSFC,  you're  very 
likely  to  cause  stick  inputs.  And  as  you  attempt  to  change  force  in¬ 
puts  to  the  stick,  I  think  it  would  be  difficult  to  hold  a  constant 
position  with  your  thumb. 

"DSFC/ (Landing)  Approach:  Sideslip  must  have  enough  control  authority 
to  compensate  for  whatever  the  maximum  allowable  crosswind  for  landing 
is  designed  to  be.  I  could  see  very  little  difference  if  any  at  all 
between  conventional  and  yaw  rate.  It  probably  would  be  less  disrupt¬ 
ing  in  actual  weather  to  yaw  rather  than  turn  but  this  wasn't  apparent 
in  the  simulator.  To  evaluate  the  sideslip  mode  I  found  it  much  quicker 
to  yaw  or  turn  to  correct  to  centerline,  then  align  my  heading  with 
course  and  hold  that  position  with  sideslip.  Sideslip  always  seemed 
too  slow  for  the  large  corrections  but  could  hold  you  fine  once  on 
course.  On  the  approaches  I'd  attribute  any  misalignments  to  poor 
visual  display  rather  than  one  mode  allowing  me  to  correct  to  and  hold 
centerline  better  than  another.  Holding  sideforce  inputs  with  the 
thumb  is  going  to  get  tiresome  for  the  5  minutes  or  so  of  the  approach. 
Here  I'd  much  prefer  rudders  as  controls.  Somewhat  at  high  speeds, 
but  especially  at  approach  speeds,  I  felt  that  DSFC  was  fighting  con¬ 
trol  of  the  aircraft  when  I  applied  ailerons  (or  ailerons  and  rudder 
when  control  was  on  thumb  switch)  to  attempt  to  maneuver  and  turn  the 
aircraft.  We  can't  live  with  this  kind  of  control  interference.  I 
think  any  pilot  who  "felt"  the  DSFC  trying  to  fight  for  control  of  his 
aircraft  would  cut  it  off  and  never  turn  it  on  again." 

PILOT  C 


"VECTORED  THRUST /POWERED  LIFT 

"1.  Vectored  lift,  utilized  by  means  of  a  jet  flap  system  was  evalu¬ 
ated  with  respect  to  dive  bomb  runs  and  landing  approaches.  Its  value 
as  a  speed  reduction  device  during  the  bombing  runs  was  negligible 
during  the  pull  out,  the  use  of  wing  burner  with  full  flaps  produced 
excessive  delta  "G"  however,  utilizing  military  power  until  the  nose 
was  level  and  then  selecting  wing  burner  produced  very  good  climb 
results,  and  considerably  reduced  the  time  required  to  reach  10,000  MSL. 

"2.  Use  of  vectored  lift  during  the  landing  approach  reduced  the  angle 
of  attack  required  to  maintain  the  glide  path.  When  using  full  flaps, 
however,  the  aircraft  tended  to  pitch  nose  down  when  power  was  applied. 

"SIDE  FORCE  CONTROL  STICK 

"I  would  prefer  to  have  the  stick  in  tie  conventional  position  so  that 
the  aircraft  can  be  flown  with  either  hand. 

"DIRECT  SIDE  FORCE  CONTROL 

"1.  Both  the  sideslip  and  yaw  rate  modes  of  operation  have  a  practical 
application  to  dive  bombing.  The  aircraft  heading  or  position  can  be 
changed  without  introducing  bank  into  the  tracking  problem.  Additionally, 
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a  steady  ground  track  can  be  maintained  using  the  sideslip  mode  without 
having  to  place  the  aircraft  in  a  crab. 

"2.  i.ie  effectiveness  of  jinking  maneuvers  utilizing  the  yaw  rate  and 
sideslip  modes  is  difficult,  if  not  impossible,  for  the  pilot  to  deter¬ 
mine  in  the  simulator. 

"3.  In  utilizing  the  DSFC  modes,  I  found  that  using  the  thumb  switch 
was  easiest  for  me  during  the  initial  portion  of  the  tracking  problem. 

In  the  latter  part  of  the  tracking  problem,  the  rudder  pedals  allowed 
smoother  tracking  than  the  thumb  switch. 

"4.  In  using  either  DSFC  mode  in  conjunction  with  the  rudder  pedals, 
you  lose  normal  rudder  operation.  Unless  there  is  a  compensating  rudder- 
aileron  interconnect,  it  becomes  difficult  to  manually  turn  the  aircraft. 

"DSFC  MODES  ON  FINAL  LANDING  APPROACH 
"1.  Sideslip  and  yaw  rate  both  have  practical  uses  in  the  landing 
approach  for  course  correction.  However,  in  a  high  crosswind  condition 
sideslip  has  a  limited  value  due  to  its  reduced  effectiveness  at  low 
airspeeds.  I  had  trouble  trying  to  manually  turn  the  airplane  while 
the  sideslip  mode  was  engaged." 


3.5  CONCLUSIONS 


Considering  both  the  quantitative  and  qualitative  evaluations,  the  VT/SC  and 
DSFC  technology  concepts  appear  to  have  merit.  The  VT/SC  quantitative  evaluation 
were  not  particularly  amenable  to  comparative  analysis,  but  the  usefulness  of  the 
improved  turning  capability  in  a  ground  attack  mode  was  verified  by  the  pilots. 
Also,  it  was  demonstrated  that  the  VT/SC  capability  results  in  considerably  im¬ 
proved  visibility  during  the  landing  approach  by  decreasing  the  airplane  angle  of 
attack.  The  use  of  VT/SC  in  other  flight  regimes  should  be  explored  through  addi 
tional  simulation  activities.  Use  of  a  separate  lever  for  VT/SC  nozzle  vector 
angle  control  was  not  satisfactory.  A  control  location  on  the  throttle  is  a 
possibility. 

The  DSFC  offers  weapon  delivery  accuracy  improvements  for  fixed,  depressed 
reticle  aiming  systems.  The  DSFC  yaw  rate  mode,  wherein  the  airplane  heading  is 
controlled,  appears  to  give  better  delivery  accuracy  than  the  sideslip  mode, 
wherein  the  airplane  lateral  translation  is  controlled.  The  question  of  DSFC 
benefits  for  a  computed-solution-type  delivery  system  could  be  approached  with 
additional  simulation  activities. 
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The  DSFC  sideslip  mode  offers  a  significant  improvement  to  the  landing  approach 
problem  by  providing  the  pilot  with  the  ability  to  maintain  runway  heading  while 
making  lateral  displacement  corrections  and/or  controlling  crosswind.  Crosswind 
control  may  be  a  major  criterion  for  sizing  the  sideforce  control  surfaces.  The 
DSFC  yaw  rate  mode  does  not  appear  to  offer  any  improvement  over  conventional  land¬ 
ing  techniques.  The  preference  of  different  DSFC  modes  during  different  airplane 
flight  phases  introduces  the  possibility  of  multimode  DSFC  operation  available  for 
selection  by  the  pilot. 

No  clear  preference  was  given  by  the  pilots  to  either  of  the  two  DSFC  control¬ 
lers  investigated.  They  did  favor  retention  of  rudder  control  capability  rather 
than  replacement  of  rudder  control  for  sideforce  control,  since  they  do,  at  times, 
command  rudder  during  maneuvering.  The  thumb  switch  provides  good  pitch/heading 
coordination  and  remains  as  a  candidate  controller.  However,  when  used  on  a  fixed, 
force-sensing  control  stick,  the  thumb  switch  commands  can  be  inadvertently  trans¬ 
mitted  into  the  roll  channel  of  the  control  stick. 
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SECTION  4 


SURVIVABILITY  SIMULATION 

The  objective  of  the  survivability  simulation  was  to  evaluate  the  effect  of 
maneuverability  on  aircraft  survivability  in  the  presence  of  an  anti-aircraft  artil¬ 
lery  (AAA)  threat.  The  evaluation  included  man-in- the- loop  simulation  of  an  ad¬ 
vanced  radar-controlled,  23-millimeter  gun  and  an  aircraft  flying  both  maneuvering 
and  nonmaneuvering  flight  profiles.  The  two  advanced  technologies  of  interest  for 
the  LWA  aircraft,  Vectored  Thrust/Supercirculation  (VT/SC)  and  Direct  Sideforce 
(DSFC),  were  utilized  for  maneuver  augmentation. 

4.1  SIMULATION  SETUP 

The  flight  profiles  employed  in  the  survivability  simulation  had  been  recorded 
during  the  man-in- the-loop  ground  attack  simulation  of  the  LWA  Configuration  29 
(see  Figure  3-1)  and  provided  a  "man-against-man"  situation  for  the  study.  The 
survivability  simulation  was  accomplished  by  use  of  the  Air  Force  Electronic  War¬ 
fare  Evaluation  Simulator  (AF-EWES)  located  at  Convair's  Fort  Worth  facility. 

The  AF-EWES  was  configured  to  simulate  a  generic  AAA  fire  control  radar  with 
associated  23-millimeter  gun  and  projectiles.  One  23-millimeter  four-barrel  gun 
was  simulated.  Gun  pointing  dynamics  were  assumed  identical  for  all  barrels;  It 

was  also  assumed  that  gravity  was  the 
only  force  acting  upon  the  projectiles. 

The  dispersion  of  the  four-barrel  gun  was 
defined  as  +5  milliradians .  Performance 
characteristics  of  the  gun  and  projec¬ 
tiles  are  delineated  in  Table  4-1. 

In  order  to  simulate  an  advanced 
technology  AAA  threat  appropriate  to  the 
operational  time  period  of  the  LWA,  the 
linear  prediction  approach  common  to 
present-day  fire  control  directions  was 


Table  4-1  GUN  AND  PROJECTILE  PERFORMANCE 
CHARACTERISTICS 


PARAMETER 

VALUE  OR  TYPE 

•  GUN 

NUMBER  OF  BARRELS 

4 

RATE  OF  FIRE,  PRACTICAL 

(RDS  /MIN/BARREL) 

325 

LIMITS  (DEG) 

TRAVERSE 

360 

ELEVATION 

0  TO  85 

RATES,  TRACK  (DEG/SEC) 

TRAVERSE,  MAXIMUM 

80 

ELEVATION,  MAXIMUM 

45 

•  PROJECTILE 

CALIBER  (MM) 

23 

WEIGHT,  API-T  (LB) 

0.419 

FUZE  TYPE 

POINT  DETONATING 

RANGE,  TACTICAL,  MAXIMUM 

WITH  RADAR  (FT) 

9800 

MUZZLE  VELOCITY,  API-T 

(FT/SEC) 

3052 

29 


replaced  by  quadratic  prediction.  The  quadratic  prediction  circuits  and  equations 
are  given  in  Appendix  K. 

In  order  for  the  gun  to  fire,  the  following  requirements  had  to  be  met:  (1) 
the  predicted  slant  range  from  the  radar  site  to  the  target  aircraft  had  to  be 
equal  to  or  less  than  9800  feet,  (2)  the  elevation  angle  of  the  gun  barrels  had  to 
be  equal  to  or  between  the  limits  of  0  and  85  degrees,  and  (3)  the  radar  operators 
had  to  depress  a  FIRE  switch  and  hold  it  in  the  depressed  position  as  long  as  the 
radar  tracking  was  satisfactory.  Engagements  were  terminated  either  (1)  after  the 
target  aircraft  reached  an  outbound  slant  range  of  12,000  feet  from  the  AAA  site 
or  (2)  at  the  end  of  the  particular  run. 

An  aircraf  :  radar  cross  section  of  14dB  relative  to  a  1  square  meter  cross 
section  (dBsm)  was  simulated  and  remainded  constant  throughout  an  engagement. 
Scintillation  was  included  on  the  skin  echo  return  with  peak  amplitude  variations 
of  +9  decibels  and  a  Gaussian  frequency  distribution  after  being  filtered  through 
a  1-hertz,  low-pass  filter. 

Confidence  tests  were  performed  each  day  on  (1)  the  AAA  radar,  (2)  the  AAA 
digital  computer  equipment,  and  (3)  the  completely  integrated  AF-EWES  AAA  system. 
Control  runs  were  dispersed  throughout  the  test  program  in  order  to  maintain  con¬ 
tinuous  confidence  in  the  validity  of  the  simulation.  In  these  control  runs,  the 
target  aircraft  was  flown  along  a  nonmaneuvering  path  with  an  offset  of  0.5  nautical 
mile,  an  altitude  of  5000  feet,  and  speeds  of  400  and  600  knots. 

4.2  AIRCRAFT  MANEUVERS 

4.2.1  FLIGHT  PROFILES 

The  flight  profiles  of  interest  for  the  survi  /ability  evaluation  are  of  two 
types:  penetration  and  weapon  delivery.  The  penetration  profiles  investigated 
ranged  from  (1)  nonmaneuvering,  straight  and  level  flight  to  (2)  gentle  S-weave 
turning  at  constant  altitude  to  (3)  hard  jinking  with  altitude  changes.  Each 
penetration  profile  type  was  flown  at  two  speeds,  400  and  600  kias. 

The  nonmaneuvering  and  S-weave  profiles  were  flown  using  only  conventional 
controls.  The  jinking  penetrations  were  made  with  conventional  controls  and  also 
with  VT/SC  and  DSFC.  The  penetration  profile  matrix  is  given  in  Table  4-2. 
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The  survivability  evaluation  for  weapon  delivery  called  for  each  pilot  to  make 
three  high  maneuverability  runs  in  which  the  AAA  site  was  the  target.  The  initial 
conditions  and  drop  conditions  for  these  runs  were  the  same  as  those  used  for  the 
weapon  delivery  runs  discussed  in  Section  3;  however,  the  pilots  applied  DSFC  and 
VT/SC  first  for  evasive  maneuver  augmentation  and  then  applied  DSFC  in  the  terminal 
tracking  phase  to  help  align  the  target.  The  nature  of  these  weapon  delivery  runs 
is  indicated  by  the  time  history  of  a  typical  profile  as  shown  in  Figure  4-1. 
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Figure  4-1  Weapon  Oelivery  Profile  Comparison  Shows  Typical  Evasive  Maneuver  Using  VT/SC  and  DSFC 


Table  4-2  PENETRATION  PROFILE  MATRIX  4.2.2  WEAPON  DELIVERY  ACCURACY 

SPEED 

The  effect  of  the  evasive  maneuvers 
on  weapon  delivery  accuracy  is  of  interest, 
and  miss  distances  were  calculated  for 
the  nine  high  maneuverability  weapon  de¬ 
livery  runs.  Average  miss  distance  com¬ 
parisons  are  shown  in  Figure  4-2. 

The  accuracy  degradation  compared 

°  LWA  CONFIGURATION  29  WITH  CONVENTIONAL  CONTROLS 

b  lwa  configuration  29  with  vt/sc  and  dsfc  to  the  conventional  control  case  is  only 

moderate.  This  is  attributable  to  the 
DSFC  capability  which  allows  rapid  align¬ 
ment  of  the  aircraft. 

4.3  SURVIVABILITY  EVALUATIONS 
The  initial  data  output  of  the  sur¬ 
vivability  simulation  consists  of  projec¬ 
tile  miss  distances  and  total  rounds  fired. 
These  data  are  presented  in  Appendix  K. 

The  evaluation  of  aircraft  survivabilty 
was  made  from  these  firing  data  by  calcu- 

Figure  4-2  Effect  of  Survivability  Maneuvers  on 

Weapon  Delivery  Accuracy  lating  kill  probabilities  (PR)  by  use  of 

a  statistical  model,  which  is  described  in  Appendix  K. 

Two  measures  of  kill  probability  were  obtained,  a  1-minute  Pr  and  a  5-minute 
PR.  The  1-minute  data  (Prr)  are  based  on  a  crew  or  engine  kill  which  disables  the 
aircraft  within  1  minute.  The  5-minute  kill  (Pra)  is  based  on  the  additional  pos¬ 
sibility  of  aircraft  disability  due  to  fuel  leakage. 

4.3.1  PENETRATION  SIMULATIONS 

The  survivability  evaluations  of  the  penetration  simulations  are  shown  in 
Table  4-3.  The  1-minute  kill  probabilities  Prr  are  very  low  in  all  cases.  Sig¬ 
nificant  points  to  be  made  from  the  5-minute  kill  probabilities  are  as  follows: 
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Table  4-3  PROBABILITY  OF  AAA  KILLING  AIRCRAFT 


TEST 

COND 

NO. 

CONTROL 

MODE 

MANEUVER 

INITIAL  POSITION 

PROBABILITY 

OF  KILL4 

OFFSET1 

(N.MI.) 

ALTITUDE 

(FT) 

SLANT 

RANGE 

(N.MI.) 

SPEED 

<KT) 

DATA 

RUNS 

Pkk 

Pka 

4 

CONVENTIONAL 

NONE 

-0.5 

1000 

4.0 

400 

3 

■SSI 

mm 

5 

-1.0 

3 

mSSM 

6 

-0.5 

5000 

8 

■frl 

0.9993 

7 

-1.0 

3 

mwm 

0.9401 

AVERAGE 

|  0.0332 

0.9877 

8 

CONVENTIONAL 

NONE 

-0.5 

1000 

4.0 

600 

3 

0.9984 

9 

-1.0 

3 

VjRW 

10 

-0.5 

5000 

3 

0.C093 

0.8426 

11 

-1.0 

3 

AVERAGE 

0.0194 

0.9341 

12 

CONVENTIONAL 

S-WEAVE2 

■  li| 

1000 

4.0 

400 

5 

0.0037 

0.5504 

13 

5 

0.0022 

0.4613 

14 

HI 

5000 

1 

5 

0.0000 

15 

-1.0 

5 

0.0002 

0.0545 

AVERAGE 

0.0015 

0.2677 

16 

CONVENTIONAL 

S-WEAVE 

-2.0 

1000 

4.0 

600 

5 

0.0042 

BSH 

17 

-1.5 

5 

0.0066 

1233 

18 

-1.5 

5000 

5 

0.0001 

id 

19 

-1.0 

5 

0.0000 

0.0000 

AVERAGE 

0.0027 

0.3322 

20' 

CONVENTIONAL 

JINK3 

in 

1000 

4.0 

400 

5 

0.0000 

0.0000 

21 

5 

0.0000 

0.0000 

22 

1 .  EH 

5000 

5 

0.0000 

0.0000 

23 

„  D  • 

7 

0.0000 

0.0090 

AVERAGE 

H 

0.0000 

0.0029 

24 

CONVENTIONAL 

JINK 

mm 

1500 

4.0 

600 

6 

0.0000 

0.0000 

25 

\  HQ'",' 

5 

0.0000 

0.0000 

26 

| 

5000 

7 

0.0000 

0.0000 

27 

AVERAGE 

lL...  -! 

0.0000 

0.0000 

28 

VT/SC 

JINK 

-0.5 

1000 

4.0 

400 

n 

0.0000 

0.0000 

29 

AND 

0 

0.0000 

0.0000 

30 

DSFC 

5000 

*  VS 

0.0001 

0.0258 

31 

i  mam 

5 

0.0004 

AVERAGE 

■ 

0.0001 

0.0248 

32 

VT/SC 

JINK 

-1.5 

1000 

4.0 

600 

f| 

0.0000 

0.0000 

33 

AND 

-1.0 

0.0000 

0.0000 

34 

DSFC 

-1.5 

5000 

■ifli 

0.0000 

0.0000 

35 

-1.0 

iiV^H 

0.0000 

0.0000 

AVERAGE 

■ 

o.oooo 

0.0000 

NOTES 

1.  Negative  offset  mean,  the  aircraft  approaches  with  the  AAA  site  on  the  left. 

2.  Aircraft  heading  was  changed  approximately  ±20°  using  30°-40°  bank  while  maintaining  altitude. 

3.  Aircraft  heading  was  changed  approximately  +60°  using  60°-90°  bonk  with  about  +3000,  -1000 
altitude  variation. 

4.  Pkk  -  One  minute  P|< 

P|^  -  Five  minute  P|^  (involves  fuel  tank  vulnerability)  See  Appendix  K. 


\ 

1.  The  AAA  achieves  a  0.9  to  1.0  average  Pj^  against  a  nonmaneuvering 
target.  Increasing  speed  from  400  to  600  kias  results  in  only  a 
small  Pj(  reduction.  The  relatively  low  Pj^  for  Run  Condition  10  is 
apparently  an  anomaly  due  to  the  limited  sample  size  rather  than 
the  specific  aircraft  flight  profile. 

2.  The  Pka's  f°r  S-weave  profiles  are  decreased  from  those  of  the 
nonmanenvering  case  by  an  order  of  3  to  4.  The  Pr's  are  lower  for 
the  400  kias  profiles  than  for  those  at  600  kias.  This  is  attribu¬ 
table  to  the  more  pronounced  flight  path  displacements  resulting 
from  the  lower  turn  radii  at  the  lower  speed.  (It  is  noted  that 
the  Pg's  for  this  gentle  maneuvering  profile  would  be  virtually 
zero  if  the  current-day  AAA  threats  had  been  simulated  using  linear 
predictions  rather  than  a  quadratic  predictor.) 

3.  Jinking  reduces  the  AAA  kill  probability  for  the  quadratic  predic¬ 
tion  gun  considered  here  to  virtually  zero.  The  use  of  VT/SC  and 
DSFC  is  not  necessary  to  achieve  this  result.  When  jinking  flights 
were  flown  directly  toward  the  AAA  site  so  that  the  relative  motions 
between  aircraft  and  gun  were  reduced,  some  non-0  PK's  were  obtained. 

4.3.2  WEAPON  DELIVERY  SIMULATIONS 

The  weapon  delivery  flight  profiles  which  were  evaluated  for  survivability  in¬ 
cluded  (1)  conventional  controls  and  normal  delivery,  (2)  DSFC  and  VT/SC  and  normal 
delivery,  and  (3)  DSFC  and  VT/SC  and  initial  evasive  maneuvers.  The  initial  offset 
distance  and  altitude  were  2  nautical  miles  and  13,000  feet  in  all  cases.  The  AAA 
site  was  located  at  the  target  point  . 

Nineteen  data  runs  were  made  and  all  resulted  in  0  Pg's.  This  result  is  a 
consequence  of  the  roll-in  maneuver  used  to  close  out  the  initial  offset.  The  AAA 
tracking  system  did  not  recover  from  the  initial  prediction  transient  in  time  to 
achieve  kill  prior  to  weapon  release  and  aircraft  pull-out. 
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4.4  CONCLUSIONS 


Maneuverability  is  an  effective  counter  to  an  advanced  quadratic-prediction- 
type  AAA,  In  a  one-on-one  situation,  hard  jinking  will  probably  be  necessary  to 
achieve  an  acceptable  level  of  survivability  against  future  AAA  threats.  Although 
VT/SC  and  DSFC  offer  additional  dimensions  of  maneuverability,  it  i3  not  apparent 
that  they  will  materially  affect  survivability;  however,  they  can  possibly  reduce 
degradation  of  the  pilot's  performance  of  other  tasks  while  he  is  performing  sur¬ 
vivability  maneuvers. 

It  should  be  noted  that  in  this  study  only  one  type  of  threat  having  an  assumed 
level  of  advanced  technology  has  been  considered.  Consideration  of  other  threats 
such  as  the  various  types  of  surface-to-air  missiles  or  different  advanced  AAA 
might  result  in  a  survivability  distinction  between  jinking  with  conventional  con¬ 
trols  and  jinking  with  DSFC  and  VT/SC. 
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APPENDIX  A 


TECHNOLOGY  AND  OPERATIONS 
ASSESSMENT 

The  LWA  program  is  directed  toward  evolution  of  a  weapon  system  which  embodies 
new  approaches  to  aircraft  design  and  operations.  The  program  does  not  include 
synthesis  of  conventional  configurations  to  meet  conventional  requirements. 

Present  and  future  technologies  and  operational  requirements  were  assessed 
early  in  the  program.  Knowledge  gained  from  this  assessment,  supplemented  by  addi¬ 
tional  development  and  analysis  as  appropriate,  has  been  used  to  examine  the  poten¬ 
tial  performance  of  integrated,  advanced/emerging  technology  LWA  configurations  in 
relation  to  postulated  environments.  Important  aspects  of  the  technology  and 
operations  assessment  activities  are  discussed  below. 

A.  1  TECHNOLOGY  ASSESSMENT 

A. 1.1  AERODYNAMICS 

The  LWA  aerodynamic  assessment  has  centered  on  achieving  the  following 
fighter  characteristics: 

o  Superior  instantaneous  and  sustained  maneuver  capability 
during  ground  attack  and  in  '.r-to-air  combat 
o  High  longitudinal  acceleration  and  maximum  speed 
o  STOL  capability. 

A  number  of  advanced/emerging  aerodynamic  concepts  offer  potential  for  the  improve¬ 
ment  of  future  close  air  support  aircraft.  These  concepts  include 
o  Powered  Lift 
o  Spanwise  Blowing 
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o  Supercritical  wing 
o  Close-coupled  canard 
o  Wing-body  integrated  design. 
A. 1.1.1  Powered  Lift 


The  fighter  characteristics  listed  above  lead  to  high  thrust- to-weight  air¬ 
planes  with  wings  of  advanced  design.  These  configuration  trends  can  conceivably 
result  in  an  advantage  for  powered  lift  concepts. 


The  simplest  form  of  powered  lift  is  the  vectored- thrust  concept.  This  arrange¬ 


ment  provides  STOL  performance  and  increased  maneuver  capability  at  low  speeds 


(Figure  A-l), 


0.4  0.5  0.6  0.7  0.8  0.87 


MACH  NUMBER 

Rtr.  GDC  PIN  71-577 


Figure  A-l  Vectored  Thrust  Can  Decrease  Landing  Distance  and  Increase  Turn  Rate 


The  direct  aerodynamic  problems  due  to  vectoring  thrust  can  be  solved,  but  thrust 
moment  balancing,  engine-out  performance,  and  safety  requirements  can  heavily  in¬ 
fluence  a  vectored- thrust  aircraft  configuration. 

A  new  concept  for  obtaining  the  benefit  of  vectored  thrust  and  at  the  same  time 

augmenting  the  wing  lift  is  the  NASA  vectored  thrust  with  supercirculation  (VT/SC) 

1 

concept.  In  this  concept,  the  engine  nozzles  are  placed  at  the  trailing  edge  of  the 
wing;  when  vectoring  is  applied,  the  jet  induces  a  large  additional  circulation  on 
the  wing  (Figure  A-2).  NASA  is  continuing  tests  of  this  concept,  which  holds  promise 


1 

Corson,  B.  W.  ,  Jr.,  Capone,  F.  J.,  and  Putman,  L.  E.  ,  Lift  Induced  on  a  Swept  Wing 
by  a  Two-Dimensional  Partial-Span  Deflected  Jet  at  Mach  Numbers  from  .20  to  1.30, 
NASA  TM  X-2309,  August  1971. 
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because  of  the  large  lift  gain.  The 
VT/SC  is  achieved  by  use  of  a  partial- 
span  jet  flap  of  large  momentum. 

The  jet  flap  has  a  long  test  history, 
and  large  lift  gains  have  been  demon¬ 
strated,  but  these  usually  impose  con¬ 
siderable  thrust  penalties  due  to  internal 
ducting  losses  in  the  wing  and  external 
losses  aft  of  the  nozzles.  The  jet  flap 
airplane  shown  in  Figure  A-3  suffered 
considerable  losses  of  this  type  because 
of  the  use  of  large  amounts  of  hot,  low 
pressure  turbine-exhaust  air.  Continuing 
improvements  in  propulsion  technology 
2nd  recent  work  on  jet  flaps  at  high 

speeds  with  small  momentum  coefficients 

1  2 

show  promise  (Figure  A-4).  * 


l.ti 


c, 

terest  is  the  external  blown  flap.  As  in 
the  case  of  the  vectored  thrust  with 
supercirculation,  the  internal  ducting 

Figure  A-4  Convair  Test  Data  on  Transonic  Jet  Flaps 

problems  of  the  jet  flap  are  eliminated; 

in  addition,  the  external  blown  flap  can  produce  full-span  performance.  This  con¬ 
cept  results  in  a  larger  lift  than  the  other  concepts  because  the  full  engine 

^  Yoshihara,  H.  ,  Zonars,  D.  ,  and  Caster,  W.  ,  High  Reynolds  Number  Transonic  Pcrfor 
mance  of  Advanced  Planar  Airfoils  with  Jet  Flaps,  AFFDL-TR-71-61 ,  June  1971. 

^  Grahame,  W.  E.,  and  Headley,  J.  W.  ,  Jet  Flap  Investigation  at  Transonic  Speeds, 
AFFDL-TR-69-117,  February  1970. 


Supercirculation 


Figure  A-3  A  Jet-Flap  Aircraft  -  The  Hunting  H.126 
Another  powered-lift  concept  of  in- 
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Figure  A-5  Fighter-Type  Configurations  Have  Been  Tested 
with  External  Blown  Flaps 


momentum  essentially  acts  on  the  full 
span  of  the  wing.  Although  this  concept 
has  been  studied  as  a  STOL  device  in  the 
past,  its  use  for  inflight  maneuver  im¬ 
provement  has  not  been  widely  investi¬ 
gated  (see  Figure  A-5). 

A  number  of  questions  arise  concern¬ 
ing  the  implementation  of  the  powered- 
lift  concepts  discussed  above.  Some 
investigations  concerning  aerodynamic 
and  other  aspects  of  the  problem  have 


been  made  to  support  the  LWA  program.  These  studies  are  discussed  in  Appendix  B. 

A. 1.1. 2  Spanwise  Blowing 

Another  concept  for  enhancing  wing  lift  through  aerodynamic/propulsion  inte¬ 
gration  has  been  considered.  This  concept  is  based  on  improving  vortex  lift  on 
wings  rather  than  direct  lift  augmentation. 

The  stability  and  strength  of  a  vortex  system  are  increased  by  inducing  a 
spanwise  flow  in  the  vortex  core.  Several  investigators  have  studied  the  use  of 
a  spanwise  jet  for  this  purpose  and  benefits  have  been  found. ^  Convair  Aerospace 
tests,  directed  toward  leading  edge  blowing  indicate  that  this  concept  offers 
promise  for  increasing  the  lifting  capability  of  surfaces  in  separated  flow 
(Figure  A-6). 

A. 1.1. 3  Supercritical  Wing 

An  important  part  of  the  industry's  continuing  intensive  transonic  wing  design 
effort  is  the  supercritical  wing  as  proposed  by  NASA.  The  increases  in  usable  sub¬ 
sonic  lift  available  with  the  supercritical  wing  through  buffet  postponement  and 


Dixon,  C.  J.,  Analysis  of  Experimental  Force  Data  for  Lift  Augmentation  by  Span- 
wise  Blowing  Over  Trailing-Edge  Flaps  and  Aircraft  Control  Surfaces,  Report 
ERR-11190,  Lockheed-Georgia  Company,  September  30,  1971. 
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Figure  A -6  Potential  Benefits  of  Spanwise  Blowing 


Figure  A-7  The  Supercritical  Wing  can  Improve 
Transonic  Maneuver  Performance 


1  Tyler,  S.  P. 
Dynamics 
February 


the  thicker  sections  possible  through 
its  drag-rise  delay  can  be  important  to 
the  transonic  close  air  support  fighter. 

Supersonically,  it  is  not  desirable 
to  ise  thick  wing  sections,  however,  and 
a  different  approach  is  required.  Recent 
test  data  comparing  fighter  wings  with 
supercritical  and  64A  sections  are  shown 
in  Figure  A-7.  While  the  supercritical 
wing  is  50  percent  thicker,  permitting 
a  higher  aspect  ratio,  the  drag  at  tran¬ 
sonic  maneuver  is  lower  than  that  of  the 
64A  wing,  even  though  the  latter  wing  is 
equipped  with  a  variable-deflection 
leading-edge  flap.  At  supersonic  speeds 
the  sustained  maneuvering  lift  coefficients 
of  the  two  wings  are  similar.  With  the 
supercritical  design  shown,  however, 
supersonic  acceleration  is  reduced. 

A. 1.1.4  Close-Coupled  Canard 

Convair  studies  of  fighters  have  for 
many  years  included  canard  configurations. 
Recently,  however,  tests  have  validated  a 
close-coupled  configuration  which  has  neg 

ligible-to- favorable  interference  between 

1 

canard  and  wing  (Figure  A-8).  The  addi¬ 
tion  of  the  canard  in  the  optimum  location 
increased  the  subsonic  and  supersonic 


Summary  Report  of  Wind  Tunnel  Tests  of  a  Scale  Model  of  the  General 
Convair  Delta-Canard  Airplane  With  Bifurcated  Inlets,  TN-72-SP-02. 

vm. 
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trimmed  L/D  as  shown  in  the  test  data. 

The  sustained  turn  capability  of  the  con¬ 
figuration  is  highly  promising,  both  sub- 
sonically  and  supersonically.  The  par¬ 
ticular  concept  is  optimized  by  utilizing 

Figure  A-8  Convair  Tests  Have  Verified  Favorable  Inter¬ 
ference  for  a  Close-Coupled  Canard-Delta  artificial  stability  subsonically  and  a 

fixed  canard  trim  supersonically.  The  application  of  the  concept  to  the  LWA  is 

promising.  Integration  with  powered  lift  concepts  appears  particularly  attractive. 

A. 1.1. 5  Wing-Body  Integrated  Design 

Recent  improvements  in  fighter  high-angle-of-attack  performance  have  been  made 
by  the  design  of  wing-bodies  to  develop  usable  lift  higher  than  that  available  from 
the  wing  alone.  One  approach  of  this  type,  a  forebody  strake,  is  shown  in  Figure 
A -9.  The  effect  of  this  design  feature 
is  shown  as  a  significant  increase  in 
lift  and  L/D  at  high  angles  of  attack. 

A  benefit  not  shown  in  the  lift  and  drag 
is  a  stabilizing  influence  on  the  lateral- 
directional  characteristics  at  high 


Figure  A-9  Wing-Body  Design  Integration  can 

angles.  Such  devices  can  extend  the  load  Improve  L/D  at  High  Angles 

of  Attack 

factor  capability  of  high-thrust  aircraft  which  can  sustain  high  angles  of  attack 
in  turns. 


A. 1.2  FLIGHT  CONTROL  TECHNOLOGY  ASSESSMENT 
A. 1.2.1  Control  Configured  Vehicle 

Modern  fighter  aircraft  are  designed  so  that  a  stability  augmentation  system 
(SAS)  is  usually  required  to  supplement  their  natural  flying  qualities.  In  accor¬ 
dance  with  military  handling  qualities  specification,  MIL-F-8785B,  unaugmented  air¬ 
craft  are  required  to  have  dynamic  and  static  stability  of  sufficient  magnitude  to 
allow  the  pilot  to  fly  safely  without  use  of  the  SAS.  With  the  recent  increase 
in  reliability  of  flight  control  electronics,  wherein  the  probability  of  unaug¬ 
mented  flight  can  be  virtually  eliminated,  the  requirement  for  unaugmented  static 
stability  can  be  relaxed  to  the  point  where  the  unaugmented  airframe  may  be 
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statically  unstable  at  some  flight  conditions.  This  relaxation  leads  to  potential 
performance  improvements  through  the  use  of  control  configured  vehicle  (CCV)  con¬ 
cepts.  Increased  performance  is  obtained  by  allowing  lower  control  surface  trim 
deflections  (lower  trim  drag)  and  lower  tail  loads  which  permits  an  overall  reduc¬ 
tion  of  airplane  weight  (Figure  A- 10). 

Criteria  for  the  reduced  static  sta¬ 
bility  concepts  have  been  developed.*- 
Minimum  criteria  for  pitch,  roll,  and 
yaw  control  power,  duty  cycle,  and  re¬ 
sponse  time  for  CCV  have  been  investi¬ 
gated,  and  these  concepts  are  currently 
being  used  by  Convair  for  longitudinal 
control  of  the  USAF  YF-16.  The  use  of 
CCV  in  the  design  cf  the  LWA  will 
potentially  result  in  performance  enhancement. 

A. 1.2. 2  Maneuver  Load  Control 

Attention  has  recently  been  focused  on  use  of  inboard  trailing  edge  or  tip 
controls  to  change  the  wing  spanwise  loading  in  order  to  reduce  wing  bending  moment 
and/or  optimize  the  drag  polar.  As  a  typical  example,  in  a  study  of  maneuver  load 
control  (MLC)  using  wing  tip  control,  the  spanwise  bending  moment  is  shown  in 
Figure  A -11  for  an  aspect  ratio  6.7  wing 
at  a  design  load  condition.  Use  of  MLC 
reduces  tne  spanwise  moments,  as  shown,  for  (>SFLBS  *  l0"6) 
the  same  design  condition.  These  smaller 
root  bending  moments  can  result  in  lighter 

NORMALIZED  SPAN  LOCATION 

structure  and  higher  performance  aircraft.  Figure  A-ll  Maneuver  Load  Control  Can  Reduce  Weight 
The  use  of  MLC  can  permit  use  of  a  higher-than  normal  aspect  ratio  wing  to  obtain 
the  associated  increased  range  performance,  while  at  the  same  time  allowing  the 

^"Control  Power  Criteria  and  Requirements  for  Control  Configured  Vehicles,"  Convair 
Report  ERR- FW- 1265,  31  December  1971. 


Figure  A-10  Cruise  Drag  Reduction  Through  CCV 
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wing  to  react  structurally  during  maneuver  as  a  low  aspect  ratio  wing.  Thus,  the 
usual  high  aspect  ratio  wing  structural  weight  penalty  is  avoided. 

A. 1.2. 3  Direct  Sldeforce  Control 

Much  attention  has  been  devoted  recently  to  the  use  of  direct  sideforce  con¬ 
trol  (DSFC)  for  improving  flight  path  control.  Such  control  is  seen  as  a  signifi¬ 
cant  improvement  in  the  pilot's  ability 

to  perform  such  tasks  as  air-to-ground  ^  | 

I  o  0 

weapon  delivery,  inflight  refueling,  and 
short  field  landing.  The  type  of  improve- 

TARGET  LATERAL  OFFSET  -  (f») 

ment  possible  for  a  particular  tracking  Figure  A-12  Direct  Sideforce  Control  Can  Potentially 

1  Improve  Aircraft  Effectiveness 

task  is  shown  in  Figure  A-12.  Use  of 

DSFC  in  connunction  with  CCV  may  result  in  an  even  greater  improvement. 

Current  programs  for  development  of  DSFC  have  resulted  in  several  approaches. 
1.  Chin  Fin  -  Sideforce  is  obtained  from  a  forward  located  surface  which  is 


used  in  conjunction  with  the  rudder.  Both  surfaces  yield  a  sideforce. 
The  roll  and  yaw  moments  are 
minimized  by  proper  location  of 
the  surface  and  by  proper  ratio- 
ing  of  the  surface  deflection 
with  the  rudder. 

.  Wing  tip  drag  device  -  A  variable 

geometry  drag  device  is  mounted  on  each  wing  tip  and  used  in  conjunction 
with  the  rudder.  Through  asymmetric  actuation,  the  drag  at  one  wing  tip 
produces  a  yawing  moment  which  is  balanced  by  a  rudder  deflection.  The 
sideforce  generated  is  that  from  the  rudder.  This  method  normally  has 
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high  drag. 

3.  Wing-mounted  sideforce  surface  -  This  device,  when  deflected,  yields  a 
sideforce  directly.  The  yaw  and  roll  moments  caused  by  this  deflection 
are  minimized  by  use  of  ailerons  and  rudder. 

An  Investigation  of  Direct  Sideforce  Control  on  Improving  Maneuver  Capability  of 
Attack  Aircraft.  The  Boeing  Company  Report  D180- ’ 4004- 1 ,  October  1971. 
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Cornell  Aeronautical  Laboratories  (CAL)  has  implemented  the  second  approach 
in  a  T-33  and  demonstrated  validity  of  the  concept.  Pilots  adapted  readily  to  the 
new  technique.  The  CAL  system  was  pointed  toward  weapon  delivery.  The  chin-fin 
concept  was  investigated  recently  by  Boeing.^ 


A. 1.2. A  Gust  Alleviation  and  Active  Flutter  Suppression 

Configurations  designed  to  obtain  high  aerodynamic  efficiency  in  conjunction 
with  low  structural  weight  can  result  in  surface  flutter.  Reduction  of  flutter  by 
redistribution  of  mass  properties,  increased  stiffness,  or  modified  aerodynamic 
configuration  can  result  in  performance  penalties.  Flutter  suppression  by  means 
of  automatic  flight  control  systems  may  be  less  demanding  in  terms  of  weight,  power 
requirements,  and  drag  penalties. 

Current  development  has  lead  to  the  flight  evaluation  of  the  load  alleviation 
mode  stabilization  (LAMS)  on  the  B-52.  The  use  of  LAMS  will  result  in  longer 
fatigue  life  (i.e.,  extended  service  life  for  present  aircraft)  or  higher  load 
levels  for  the  same  fatigue  life  and  better  ride  control  for  crew  comfort.  The 
NASA  is  also  pursuing  techniques  which  lead  to  incorporation  of  active  flutter 
suppression  as  an  integral  part  of  the  configuration  design. 

In  a  recent  Convair  study  on  advanced  transport  technology,  significant  weight 
reduction  was  shown  through  (1)  use  of  controls  which  condition  maneuver  loads  and 

through  use  of  composite  materials.  It 
was  found  that  potential  net  weight  savings 
from  use  of  active  control  flutter  suppres¬ 
sion  can  be  as  much  as  1800  pounds  for 
this  type  of  aircraft  (Figure  A-13). 

Use  of  an  active  ride  control 
system  for  the  LWA  can  be  an  asset  in 
that  it  can  reduce  pilot  fatigue  and  pro- 

Figure  A-13  Active  Flutter  Suppression  Can  Save  Weight 

vide  a  smoother  platform  for  low-level 


(2)  provision  of  the  required  stiffness 


1 


Ibid. 
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attack  where  turbulence  is  a  significant  parameter.  Use  of  control  for  maneuver 
and  gust  load  alleviation  can  also  result  in  a  tangible  weight  saving  for  the  LWA. 

A . 1 . 2 . 5  Flv-Bv-Wire/Mu Uiolexine 

The  concept  of  fly-by-wire  (FBW)  consists  of  transmitting  pilot  inputs  en¬ 
tirely  electrically  to  the  control  surfaces  rather  than  with  a  completely  mechani¬ 
cal  flight  control  system.  Evolution  of  FBW  to  aircraft  application  has  taken  many 
years,  and  the  Convair  YF-16  will  be  the  first  aircraft  with  a  pure  FBW  system.  The 
principal  advantage  in  the  use  of  FBW  lies  in  the  area  of  weight  saving,  increased 
reliability,  maintainability,  and  survivability.  For  the  LWA,  the  latter  three  ele¬ 
ments  are  predominant. 

A  method  of  further  increasing  the  efficiency  of  an  FBW  flight  control  system 
is  multiplexing.  Multiplexing  reduces  the  total  wire  count  required  for  FBW  by 
transmitting  all  flight  control  signals  for  each  redundant  branch  on  one  pair  of  . 


wires . 

Convair  recently  completed  a  contract 
for  FDL  to  prove  the  applicability  of 
multiplexing  to  FBW  by  designing  and 
fabricating  an  operational  breadboard. ^ 
The  investigation  also  showed  benefits 


•  TYPICAL  LARGE  AIRCRAFT 
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CONFIGURATION 
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CONFIGURATION 
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(COMPLETE 

MULTIPLEXING) 


CONFIGURATION 
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from  multiplexing  in  weight  decrement,  in-  multiplexing) 


Figure  A-14  Multiplexing  can  Reduce  Flight  Control 
'  System  Weight 


creased  reliability,  and  ease  of  main¬ 
tenance  (Figure  A-14) . 

Convair  and  FDL  have  developed 

airworthy  hardware  to  demonstrate  in  actual  flight  the  digital  multiplexing  concept 
developed  in  the  initial  study.  The  design,  fabrication  and  testing  of  this  hard¬ 
ware  is  complete,  and  the  equipment  has  been  tested  on  the  NC131H  Total  Inflight 


Simulator  (TIFS)  aircraft.  The  weight  saving  potential  of  multiplexing  applied  to 


^■"Research  into  Definition  and  Demonstation  of  an  Optimum  Solid  State  Switching  and 
Multiplexing  System  For  Use  On  A  Fly-By-Wire  Flight  Control  System,"  AFFDL  TR-70-80, 
June  1970. 
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the  LWA  is  probably  small.  However,  there  are  potential  advantages  in  the  areas  of 

easier  maintenance,  increased  survivability,  and  increased  reliability. 

A.  1.3  PROPULSION  TECHNOLOGY  ASSESSMENT 


A . 1 . 3 . 1  Conventional  Gas  Generator  Cycles 

The  Airframe/Propulsion  System  Integration  (APSI)  and  the  Advanced  Technology 
Gas  Generator  (ATEGG)  programs  sponsored  by  the  Air  Force  Flight  Dynamics  Laboratory 

(AFFDL)  and  Air  Force  Aero-Propulsion  Laboratory  (AFAPL)  are  continually  improving 
gas  generator  technology,  including  the  technology  to  integrate  the  airframe  and 

propulsion  system  into  a  compatible  unit. 


The  possible  application  to  the  LWA  of 
jet  flaps  which  require  high  pressure,  rel¬ 
atively  cool  gas  suggests  somewhat  uncon¬ 
ventional  cycle  arrangements.  The  two 
cycle  arrangements  depicted  in  Figure  A-15 
supply  air  for  jet  flap  applications  and 
also  partially  decouple  the  jet  flap  re¬ 
quirements  from  the  basic  mission  require¬ 
ments  as  far  as  cycle  selection  is  concerned. 

Good  cycle  performance  from  such  ar- 


Figure  A-15  Possible  Cycle  Arrangements  for  Powered  Lift 

Concepts  rangements  requires  high  turbine  inlet 

temperature  and  high  overall  compressor  pressure  ratio.  Predicted  trends  for  these 
parameters  are  shown  in  Figures  A- 16  and  A- 17.  The  ATEGG  program  appears  to  be  pro¬ 
viding  adequate  technology  to  assure  excellent  engine  performance  for  the  LWA. 


Figure  A-16  Allowable  Turbine  Inlet  Temperature 
Continues  to  Increase 
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A. 1.3.2  Supercharged  Gas  Generator  Cycles 


The  best  currently  available  engine  for  subsonic  cruise  operation  is  the  high- 
bypass  ratio,  high-compression  ratio,  unaugmented  turbofan.  However,  for  airplanes 
that  must  also  perform  supersonic  cruise,  make  short  takeoffs,  and  provide  high 
levels  of  specific  excess  power  at  selected  flight  conditions,  the  engine  cycle  must 
be  severely  compromised.  Bypass  ratio  and  compression  ratio  must  be  reduced  and 
augmentation  by  duct  heating  or  afterburning  must  be  incorporated  in  order  to 
achieve  the  best  propulsion  system  consistent  with  mission  requirements. 

A  variable-cycle  engine,  or  a  propul¬ 
sion  system  with  variable-cycle  character¬ 
istics,  would  permit  operation  during  the 
various  flight  phases  with  less  compromise 
to  performance  and  might  result  in  further 
reduction  in  airplane  size.  The  supercharged 
turbofan  (STF)  powerplant  shown  in  Figure 
A-18  can  be  operated  to  produce  performance 
similar  to  a  variable-cycle  engine  without 
requiring  the  large  variations  in  internal  engine  geometry  normally  associated  with 
variable-cycle  engine  approaches. 

During  subsonic  cruise,  the  supercharged  engine  is  turned  off  and  isolated; 
and  the  high-bypass  ratio,  high-compression  ratio  supercharger  engine  is  operated 
alone  to  provide  near  optimum  subsonic  cruise  engine  performance.  At  other  times 
during  the  mission  when  high  thrust  is  needed  to  perform  the  task  at  hand,  both 
engines  are  operated.  In  this  mode,  the  fan  stream  exhaust  nozzle  of  the  super¬ 
charger  engine  is  completely  closed  and  all  of  its  fan  discharge  air  is  fed  to  the 
inlet  of  the  supercharged  engine  where  it  is  further  compressed  (and  partially 
heated)  before  being  exhausted  to  produce  increased  thrust. 

By  selecting  the  mode  of  operation  compatible  with  the  part  of  the  mission 
currently  being  accomplished,  near  optimum  engine  and  airplane  performance  can  be 
achieved  with  the  STF  power  plant  during  each  part  of  the  mission.  Constraints  on 
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Figure  A-18  Supercharged  Turbofan  (STF)  Engine 
Concept 


physical  arrangement  and  consideration  of  propulsion  system  weight  may  reduce  the 
advantage  that  appears  to  result  from  consideration  of  the  STF. 

The  discussion  of  the  STF  presented  above  concerns  thrust/drag  matching  for 
conventional  flight.  The  supercharged  air  available  from  the  STF  may  be  advanta¬ 
geously  used  for  other  purposes.  These  include  blowing  flaps  for  lift  control, 
vectoring  for  high-  and  low-speed  maneuvers,  and  pitch  and  roll  control  during  low 
speed  flight. 

A. 1.3.3  Propulsion  Flight  Control  Force  Management  System 

In  order  to  attain  near  optimum  performance  and  overall  airframe/engine  com¬ 
patibility,  an  integrated  engine/inlet/aircraft  flight  control  system  may  be  de¬ 
sirable.  There  is  a  current  effort  within  the  AFAPL  to  develop  the  design  require¬ 
ments  for  such  a  control  system. 


A. 1.3. 4  Cold  Thrust  Augmentation 


The  cold  thrust  augmentation  (CTA)  concept  is  of  interest  as  a  method  to  in¬ 
crease  propulsive  capacity  of  a  given  engine  under  some  flight  conditions.  The 
CTA  technique  makes  use  of  engine  exhaust  and/or  bleed  air  as  the  primary  flow  for 
a  series  of  high-efficiency  ejector  systems  in  wings,  flaps,  canards,  etc.  The 
primary  flow  from  the  engine  source  entrains  external  (cold)  flow  with  the  result¬ 


ing  thrust  being  significantly  greater  than  that  of  the  primary  flow  alone. 
Augmentation  ratios  of  approximately  2.0  are  theoretically  attainable. 


The  CTA  concept  has  been  highly  de¬ 
veloped  in  recent  work  of  the  USAF  Aero¬ 
space  Research  Laboratory  (ARL).  The  bulk 
of  the  ARL  work  has  been  directed 


Cold  Thrust  Augmentation  Concept  toward  ejector  wings  applied  to  v/STOL 


CTA  Applications 


aircraft.  The  type  of  CTA  application 
which  appears  best  suited  for  the  LWA  is 
an  ejector  flap. 

The  ejector  flap  is  desirable,  be¬ 
cause  the  ejector  wing  loses  its 
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effectiveness  rapidly  with  an  appreciable 
forward  velocity  (Figure  A-19).^  Used  in 
conjunction  with  powered  lift  concept,  CTA 
can  result  in  benefits  to  the  LWA  in  the 
form  of  (1)  increased  time  on  target  with¬ 
out  aircraft  attitude  changes,  (2)  improved 
low-speed  maneuverability  for  target  access, 
(3)  improved  evasive  capability  by  virtue 
of  large  speed  variations,  and  (4)  improved 
dispersal  provided  by  increased  STOL  capa¬ 
bilities  . 

The  possibility  of  obtaining  an  effi¬ 
cient  CTA  ejector  flap  is  problematical. 

The  relatively  thick  supercritical  airfoil 
sections  which  can  provide  additional  area 
for  ducting  and  mechanisms  while  maintain¬ 
ing  good  cruise  characteristics  might  offer  some  advantages  in  this  regard. 

A. 1.4  STRUCTURES  TECHNOLOGY  ASSESSMENT 

The  revolutionary  approaches  of  current  structural  design  concepts,  with  ad¬ 
vanced  composites  in  particular,  amplify  the  importance  of  advanced  structures 
to  the  LWA.  It  is  important  to  note  that  the  LWA  structures  investigations  are 
complemented  by  other  advanced  technology  investigations Figure  A-20  contains  a 
listing  of  the  advanced  structures  technology  items  which  are  of  primary  interest. 

A . 1 . 4 . 1  Advanced  Composites  Technology 

Filamentary  materials--primarily  graphite  and  boron  fibers  impregnated  with 
epoxy,  polyimide,  or  aluminum--have  been  established  as  having  great  potential  for 

*"USAF  Aerospact  Research  Laboratory  Presentation  on  Cold  Thrust  Augmentation," 
Unnumbered  Charts,  13  April  1972. 

2 

"Cor ’eptual  Design  of  Advanced  Composite  Airframe  and  Propulsion  System,"  IJSAFML 
Contract  F33615-72-C-424. 
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Figure  A-19  USAF  ARL  Cold  Thrust  Augmentation 
Transition  Corridor 
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increasing  the  structural  performance  of 
aircraft.  To  date  approximately  100  pro¬ 
grams  have  been  initiated  for  aircraft 
structure,  propulsion,  missile,  and  space 
system  components.  These  programs,  con¬ 
ducted  on  a  composite  substitution  for 
metal  basis,  have  reflected  weight  savings 
from  5  to  54  percent.  An  example  of  the 
structural  complexity  reached  with  compo¬ 
sites  is  the  F-5  composite  fuselage  cur¬ 
rently  being  completed  at  Convair.  Exten¬ 
sive  information  into  the  detailed  designs 
of  major  aircraft  components  has  been 
gained  in  this  program. 

Increased  payoffs  are  possible  by 
considering  composites  at  the  initiation 
of  the  design  studies  when  the  higher 
structural  efficiencies  could  be  reinvpsr^d 
in  increased  performance,  range,  payload, 
or  operating  economy.  Examination  of 
certain  configuration  "shape"  parameters 
(range,  maneuverability,  speed,  etc.)  readily  shows  that  performance  is  enhanced 
when  the  greater  composite  material  structural  efficiency  is,  at  least  partially, 
used  to  enhance  the  aerodynamic  efficiency.  For  example,  composites  used  to  in¬ 
crease  the  wing  aspect  ratio  instead  of  only  reducing  gross  weight  can  produce  the 
effect  on  range  shown  in  Figure  A-22.  For  a  particular  aircraft  configuration,  the 
direct  substitution  of  composites  for  aluminum  yields  a  5  percent  increase  in  range 
while  the  optimum  composite  wing  aspect  ratio  increases  the  range  20  percent  over 
that  of  the  metal  wing. 


•  COMPOSITES  TECHNOLOGY 

•  Application  to  Airframes 

•  System  and  Subsystems 

•  Producibility 

•  Design  Criteria 

•  CONFIGURABLE  AERODYNAMIC  SURFACES 

•  VULNERABILITY 

•  Metal  Structures 
•Composite  Structures 

•  STRUCTURAL  TRANSPARENCIES 
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•  MAINTAINABILITY 


Figure  A-20  LWA  Structural  Technology  Items 


Figure  A-21  Convair's  F-5  Composites  Fuselage,  An 
Example  of  the  Structural  Complexity 
Reached  with  Composites 
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Ultimately,  the  extent  to  which  com¬ 
posites  are  used  for  the  LWA  will  be  based 
on  the  overall  cost  and  performance  which 
include  a  consideration  of  the  synergistic 
effects  discussed  above.  An  example  of 
the  total  impact  (cost,  weight,  etc.)  of 
composites  on  an  advanced  technology 
transport  airplane  is  shown  in  Figure  A -23. 

A. 1.4. 1.1  Composites  Design  Criteria 
Development .  Advanced  composites  exhibit 
significant  differences  in  material  per¬ 
formance  when  compared  to  metals.  Basic 
laminates  without  stress  concentrates 
(holes,  notches,  etc.)  show  little  degra¬ 
dation  due  to  fatigue  and  retain  high 
residual  strengths.  Laminates  containing 
stress  concentrations  exhibit  a  signifi¬ 
cant  loss  in  static  strength  but  retain  the  excellent  fatigue  behavior  of  the  basic 
laminate.  In  addition,  many  structural  laminates  exhibit  linear  stress-strain  be¬ 
havior  to  failure  as  opposed  to  the  nonlinear  response  observed  in  metals.  Consid¬ 
eration  of  factors  such  as  these  suggests  that  the  traditional  design  criteria  used 
in  metals  may  not  be  suitable  for  efficient  and  reliable  design  in  composites. 

Convair  is  actively  pursuing  a  criteria  approach  in  which  reliability  is  the 
design  goal.  It  is  believed  that  structural  reliability  cannot  be  guaranteed  simply 
in  terms  of  design  allowables  for  the  basic  material  and  conventional  design  factors 
for  safety.  A  more  desirable  approach  is  to  determine  design  safety  factors  a;  a 
function  of  design  complexity  (basic  laminates,  number  of  joints,  etc.),  the  in¬ 
tended  usage  of  the  structure,  and  the  number  of  structures  to  be  built. 


Wing  AR 

Figure  A-22  Advanced  Composites  Impact  Both 
Performance  and  Configuration 
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Figure  A-23  Benefits  of  Advanced  Composite  Airframe 
on  M  .90-Cruise  Advanced  Transport 
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A. 1.4. 1.2  Composites  Application.  The  use  of  composites  in  aircraft  in¬ 
fluences  design,  fabrication,  and  cost.  A  detailed  discussion  of  the  application 
of  advanced  composite  materials  to  fighter  aircraft  structure  is  contained  in 
Appendix  C. 

The  use  of  composites  in  aircraft  systems  and  subsystems  that  are  not  con¬ 
sidered  part  of  the  airframe  structure  or  propulsion  systems  is  also  potentially 
beneficial.  Most  approaches  to  utilizing  composites  in  systems  and  subsystems 
are  oriented  toward  weight  savings.  An  example  of  potential  composite  usage 
in  hydraulic  systems  is  shown  in  Figure  A-24. 

In  some  cases,  the  nature  of  com¬ 
posites  manufacuturing  can  simplify 
subsystem  installation.  For  example, 
uncured  composite  tubing  could  be 
routed  through  the  aircraft  structure 
and  subsequently  cured  in  place  by 
pumping  hot  gas  through  the  tubing, 
thereby  eliminating  many  fittings  and 
tube  bending  operations.  Another  example  is  that  composites  can  eliminate  the 
necessity  for  expansion  joints  in  environmental  control  systems  because  of  their 
low  thermal  expansion  coefficients. 

A. 1.4.2  Configurable  Aerodynamic  Surfaces 

The  effective  use  of  composites  in  structures  usually  results  in  a  struc¬ 
ture  with  vastly  different  stiffnesses  in  the  orthogonal  directions,  at  any 
particular  point  in  that  structure.  This  effect  significantly  contributes  to 
the  high  structural  efficiency  obtainable  with  composites  but  also  suggests 
a  means  of  increasing  the  aerodynamic  performance  by  controlling  the  surface 
contour.  Two  types  of  control  surfaces  are  shown  in  Figure  A-25. 
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Figure  A-24  Advantages  of  Advanced  Composites 
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Studies  are  continuing  to  establish 
the  design  limits  of  flexible  structures. 
Depending  on  the  total  aerodynamic  and 
system  effectiveness,  the  principle  can 
be  extended  to  large  percentages  of  wing 
and  stabilizer  surfaces  and  to  the  air¬ 
flow  control  functions  of  such  systems  as 
the  environmental  control  and  engine  inlet 
systems.  Figure  A-26  is  an  illustration 
of  possible  areas  for  application  of 
flexible  structures. 

A. 1.4. 3  Vulnerability 

Reduction  in  aircraft  vulnerability 
to  combat  damage  and  the  increased  relia¬ 
bility  requirements  of  advanced  aircraft 
has  generated  interest  in  fail-safe  struc¬ 
tures.  Metal  and  advanced  composite  dam¬ 
age  tolerant  structures  are  currently  being 
studied. 

Advances  in  metal  design  are  princi¬ 
pally  related  to  (1)  structures  designed 
for  fracture  control  using  fracture 
mechanics  during  the  design  process  and 
(2)  the  development  of  metals  with  better  fracture  characteristics.  Recent  experi¬ 
ence  and  advanced  studies  have  led  to  the  formulation  of  new  design  concepts  (Figure 
A -27). 

One  of  the  potentially  beneficial  features  of  composite  materials  is  the  broad 
range  of  performance  characteristics  that  can  be  realized  with  proper  laminate  de¬ 
sign.  A  technique  of  fabricating  a  laminate  with  crack-arresting  capability  is 
demonstrated  by  the  model  shown  in  Figure  A-28.  A  crack  will  arrest  as  it  enters 


Figure  A-25  Flexible  Control  Surfaces  Incorporating 
Continuous  Actuators 


Figure  A-26  Flexible  Structures  Applied  to 
Aerodynamic  Surfaces 
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Figure  A-27  Laminated  Titanium  Wing  Carry-through 
Structure  Designed  for  Damage  Tolerance 
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Figure  A-28  Fail-Safe  Design  Concept  for  Advanced 
Composite  Panels 


the  low  modulus  strips  providing  the  stress  in  the  strips  is  sufficiently  below  the 
critical  stress  required  for  propagation  in  the  buffer  material.  The  feasibility 
of  the  arrestment  concept  has  been  demonstrated  in  static  tests  of  tensile  specimens. 


A. 1.4.4  Structural  Transparencies 

In  viewing  perforated  composite  panels  fabricated  for  acoustic  treatment 
studies,  it  was  noticed  that  there  was  little  image  distortion  of  objects  viewed 
through  the  panel.  This  gave  rise  to  an  idea  of  using  perforated  panels  sealed  with 
a  transparent  film  as  a  structural  transparency. 

The  use  of  transparencies  with  high  structural  efficiency  could  decrease  the 
weight  of  typical  transparencies  such  as  canopies  and  improve  the  maintainability 
of  aircraft  systems  by  permitting  visual  inspection  of  avionic  components,  accessory 

drive  system  oil  levels,  and  environmental 
control  equipment  (Figure  A-29).  Access 
panels  would  receive  less  use  and  in  some 
cases  could  be  eliminated. 

For  a  particular  composite  panel  where 
the  hole  diameter  is  equal  to  the  panel 
thickness,  the  panel  weight  increase  with 
increasing  load  is  shown  in  Figure  A-30. 


«L 


Figure  A-29  Transparent  Structure  Potential  Uses 


The  structural  efficiency  of  a  panel  with  holes  is  compared  to  that  of  a  panel  with 
no  holes  in  Figure  A-31.  When  compared  to  a  typical  fighter  acrylic  canopy  designed 
by  stiffness  requirements  or  a  glass  canopy  designed  for  strength,  weight  savings  in 
excess  of  60  percent  appear  possible.  Another  possible  advantage  is  increased  impact 
resistance. 
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Figure  A-30  Transparent  Structure  Load  Capacity  and 
Weight 
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Figure  A-31  Transparent  Structure  Efficiency 


A. 1.4. 5  Air  Cushion  Landing  System 

An  air  cushion  landing  system  (ACLS)  replaces  the  aircraft  wheel  gear  with  an 
°nnular  jet  air  cushion.  The  objective  in  considering  the  ACLS  for  LWA  .rcraft  is 
to  improve  takeoff  and  landing  performance.  Potential  takeoff  and  landing  advan¬ 
tages  are  associated  with  crosswind  capability,  low  footprint  pressure,  fast  re¬ 
traction,  high  energy  absorption  and  damping,  and  improved  braking.  Any  potential 
weight  savings  with  this  system  are  related  directly  to  reduced  gear  weight  and 
indirectly  to  aircraft  structure  weight.  Weight  penalties  occur  in  ducting  and 
power  plant  modification  to  provide  the  airflow. 

Previous  studies  have  validated  the  ACLS  concept  for  use  on  subsonic  aircraft, 
and  studies  are  continuing  to  investigate  its  application  to  high  performance  air- 
To  provide  a  preliminary  assessment  of  an  ACLS  for  the  LWA,  a  system 


craft. 1,2 


^Earl,  T.  Desmond,  "Air  Cushion  Landing  Gear  Feasibility  Study,"  AFFDL-TR-67-32 , 
May  1967. 

^Diggs,  K.  H. ,  and  Perez,  D.  J.,  "Air  Cushion  Landing  System  for  STOL  Aircraft," 
V/STOL  Technical  and  Planning  Conference,  Las  Vegas,  25  September  1969. 
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similar  to  the  one  shown  in  Figure  A-32 
has  been  investigated.  In  this  concept  a 
rigid  panel  is  integrated  with  the  curtain 
to  function  ao  a  door  during  the  normal 
flight  and  as  a  skid  during  the  touchdown 
phase  of  the  landing.  Braking  and  steer¬ 
ing  control  is  provided  by  advanced  com¬ 
posite  brushes. 

The  wear  characteriestics  of  advanced 
composites  under  these  conditions  remain 
to  be  evaluated,  but  since  remarkable  wear 
characteristics  have  been  found  between  graphite-epoxy  and  unlubricated  steel,  ad¬ 
vanced  composites  may  have  potential  advantages  over  rubber  pads  in  this  area.^ 

The  preliminary  assessment  of  this  ACLS  indicates  that  power  requirements  are  ac¬ 
ceptable,  a  reasonable  combination  of  cushion  parameters  is  available  to  permit  sink 
rates  near  15  ft/sec  without  imposing  unduly  high  structural  loads,  and  lighter 
fuselage  and  gear  weights  are  possible. 

A.  1.5  ARMAMENT/AVIONICS 

The  accurate  delivery  of  weapons  in  the  presence  of  the  severe  threat  environ¬ 
ment  forecasted  for  future  tactical  targets  imposes  demands  on  aircraft  performance 
and  requirements  for  advanced  weapons  and  avionics  that  can  significantly  impact 
aircraft  configurations.  The  advanced  and  emerging  weapons  and  avionics  concepts 
which  were  considered  in  the  LWA  configuration  development  are  discussed 
below. 

A. 1.5.1  Advanced  Weapon  Technology 

Target  characteristics  together  with  weapon  delivery  accuracies  set  the  re¬ 
quirement  for  ordnance  type  and  size  and  weapon  guidance  and  control.  The  advan¬ 
tage  of  improved  accuracy  and  available  technology  have  led  to  the  accelerated 

^Berg,  C.  A.,  Bartra,  S.,  and  Tirosh,  J.,  "Wear  and  Friction  of  Two  Different  Types 
of  Graphite  Fiber  Reinforced  Composite  Materials,"  Dept,  of  Mech.  Engr. ,  Univ.  of 
Mech.  Engr,,  M.I.T.,  Faculty  of  Mech.  Engr.,  The  Technion  (Israel  Institute  of 
Technology  Haifn,  Israel,  1971. 


Figure  A-32  Air  Flotation  System  with  Brush 
Braking  and  Steering 
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development  and/or  consideration  of  guided  powered  and  glide  weapons  employing 
radar,  electro-optical  (EO) ,  and  radiometric  guidance  and  homing  concepts.  The  suc¬ 
cess  to  date  and  improvements  envisioned  lead  to  the  conclusion  that  the  guided 
weapons  will  be  heavily  employed  in  future  tactical  wars. 

The  use  of  free  fall  weapons  will  likely  be  limited  to  relatively  permissive 
threat  environments  and  area  targets.  Accuracy  in  the  delivery  and,  therefore,  the 
utility  of  free  fall  bombs  can  be  expected  to  be  improved  with  improvements  in  navi¬ 
gation,  target  acquisition,  and  aircraft  maneuverability. 

Aircraft  compatibility  and  operational 
factors  (such  as  logistics  and  ordnance 
selection  flexibility  to  match  the  mission) 
will  have  a  significant  impact  on  the  de¬ 
sign  of  future  weapons.  The  desire  to  over¬ 
come  aircraft  performance  limitations 
imposed  by  pylon -mounting  weapons  (Figure 
A -33)  has  resulted  in  a  search  for  alter¬ 
natives.  The  "clip  in/on"  weapon  rack 
concept,  depicted  in  Figure  A -34  affords 
not  only  improved  aircraft  performance 
possibilities  but  is  readily  adaptable  to 
mlssLonizing  payloads  and  facilitates 
simple  and  safe  loading  operations.  Pre- 
loading  of  the  racks  will  provide  for 
rapid  aircraft  turnaround.  All  degrees 
of  aircraft  submergence  are  possible  from 
external  fuselage  mounting  through  par¬ 
tially  submerged/conformal  to  completely 
internal  arrangements. 

Weapons  packaging  efficiency  becomes  critical  with  internal  stores  configura¬ 
tion,  and  the  conversion  to  bluff-shaped  weapons  (Figure  A -35)  offers  not  only  good 
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Figure  A-33  External  Pylon  Mounted  Weapons  can 
Limit  Aircraft  Performance 
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Figure  A-34  Clip  On/In  Weapon  Rack  can  Provide 
Mission  Flexibility 
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Figure  A-35  Bomb  Modification  for  Internal 
Loading  Efficiency 
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Figure  A-36  Typical  LWA  Weapon  Candidates 
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Figure  A-37  Modular  Weapons  Study  Matrix 
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Figure  A-38  Modular  Weapons  Guidance  Concepts 


packaging  efficiency  but  has  resulted  in 
improved  weapon  separation  characteristics 
Munition  thermal  limits  have  been  a  major 
factor  in  limiting  aircraft  flight  envel¬ 
opes  with  external  stores.  Future  muni¬ 
tions  having  thermal  limits  consistent 
with  aluminum  aircraft  thermal  limitations 
are  planned. 

Representative  weapons  that  are  ex¬ 
pected  to  be  retained  in  inventory  or  ex¬ 
pected  to  be  developed  for  use  in  the 
1980-1985  time  period  are  identified  in 
Figure  A-36.  An  advanced  tactical  rocket 
particularly  suited  to  the  close  air  sup¬ 
port  mission  is  under  development  with  an 
IOC  in  the  early  1980s  possible.  The 
objective  of  the  advanced  concept  is  to 
provide  a  low  cost  weapon  with  interchange 
able  ballistic  and  laser-guided  warheads 
(fragmentation,  target  marking,  penetra¬ 
ting,  anti-material  flechctte). 

A  summary  of  the  modular  weapon  con¬ 
cepts  currently  under  consideration  is 
presented  in  Figure  A-37.  Basically,  the 
concepts  involve  the  interchangeable  wea¬ 
pon  sensors,  guidance  and  control,  propul¬ 
sion,  warheads  and  fuses  to  accommodate 
mission  requirements.  The  weapon  guidance 
concepts  under  study  are  listed  in  Figure 
A-38.  The  potential  weapon  combinations 
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and  Che  aircraft  avionic  accommodations  to  handle  all  possible  combinations  are 
numerous . 

A. 1.5.2  Advanced  Tactical  Avionics  Technology 

A. 1.5.2. 1  Weapon  Delivery  Equip¬ 
ment  .  Equipment  items  in  use  or  proposed 
to  support  adverse  weather  and  night  de¬ 
livery  of  advanced  tactical  weapons  in  a 
severe  threat  environment  are  identified  in 
Figure  A-39.  The  size,  weight,  power  and 
costs  of  this  equipment  depend  heavily  on  the  functional  sophistication  demanded 
by  the  mission  to  be  performed. 

The  TFTA  radar  feature  facilitates  adverse  weather  and  night  low-level  threat 
penetration  and  weapon  delivery.  The  attack  radar  provides  for  adverse  weather 
and  night  target  acquisition  and  weapon  delivery.  Radar  system  improvements  cur¬ 
rently  being  implemented  or  proposed  include  Ka  and  dual  frequency  operation, 
shortened  radar  pulse  operation,  moving  target  identification,  and  a  2.5  nautical 
mile  diameter  display. 

Current  attack  radars  offer  weather  penetration  capabilities  superior  to  EO 
sensors  but  lack  the  close-in  target  resolution  afforded  by  EO  sensors.  Radar 
employed  in  conjunction  with  EO  sensors  affords  both  early  target  recognition  and 
final  target  resolution. 

The  EO-aided  delivery  of  weapons  involves  consideration  of  LLLTV,  IR,  Imaging 
IR  (IIR)  and  LTDR  provisions.  The  simplest  concepts,  in  terms  of  aircraft  re¬ 
quirements,  involve  the  use  of  laser-guided  bombs  employed  in  conjunction  with 
ground  designation  or  other-aircraft  laser  designation  of  targets.  Aircraft 
detection  and  tracking  of  the  laser  designated  target  may  involve  the  use  of  an 
onboard  laser  spot  seeker  to  provide  angle  and  angle  rate  data  employed  in 
the  delivery  of  both  guided  and  unguided  weapons.  More  sophisticated  concepts 
involve  the  use  of  aircraft  IIR  with  target  acquisition  and  aiming  provisions 


•  TERRAIN  FOLLOWING  TERRAIN  AVOIDANCE  (TFTA)  RADAR 
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•  INFRARED/IMAGING  INFRARED  (IR/llR) 

•  LASER  TARGET  DESIGNATOR/RANGER  (LTDR) 

•  RADAR  HOMING  AND  WARNING  (RHAW) 

•  COMMANDAlPDATE  WEAPON  DATA  LINK 

•  C3  SECURITY 
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Figure  A-39  Weapon  Delivery  Avionic  Equipment 
Candidates 
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operated  In  association  with  either  radar  or  laser  ranging  equipment.  The  addi¬ 
tion  of  an  onboard  laser  target  designation  and  ranging  capability  adds  another 
level  of  complexity. 

The  LLLTV  dependence  on  ambient  lighting  and  limitations  in  adverse  weather 
make  it  an  unlikely  candidate  for  advanced  aircraft  employing  HR.  TV  reception 
capability  to  accommodate  TV-guided  bomb  delivery  may  be  desirable.  EO  sensor 
pointing  and  stabilization  requirements  and,  therefore,  equipment  complexity  are 
intimately  related  to  attack  tactics  and  weapons  employed. 

Limited  adverse  weather/night  operations,  target  area  navigation  nets  (e.g.  , 
TOA/DME,  Loran) ,  FAC  beacon/target  laser  designation  support,  and  self  contained 
weapon  guidance  capabilities  all  can  relieve  LWA  radar/EO  equipment  requirements. 
Also,  the  use  of  weapon-seeker-coordinated  EO  equipment  mounted  on  weapon  "clip 
in/on"  racks  can  provide  greater  LWA  mission  flexibility. 

All  aspect  radar  warning  with  threat  identification  features  and  possibly  an 
accurate  location/homing  capability  is  desirable  to  counter  the  air-to-air  and  SAM 
threats.  Avionics  to  provide  guided  weapon  commands  and  data  to  update  target 
acquisition  information  must  be  considered.  The  protection  of  these  data  links  as 
well  as  communication  links  against  enemy  countermeasures  will  be  required. 

A. 1.5. 2. 2  Advanced  Controls  and  Displays.  Review  of  the  potential  weapon 
delivery-related  controls  and  displays  (Figure  A-40)  and  consideration  of  addi¬ 
tional  requirements  associated  with  air¬ 
craft  management,  C^,  and  test  and  emer¬ 
gency  provisions  raise  serious  questions 
concerning  crew  size  in  the  performance  of 
advanced  tactical  missions.  Single-pilot 
operation  can  be  facilitated  through  (1) 
helmet-mounted  sights  and  displays;  (2) 
mission  constraints  in  terms  of  number 
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Figure  A -40  Weapon  Delivery  Control  and  Display 
Possibilities 
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of  weapon  types,  target  types,  and  tactics  to  be  employed  in  a  single  sortie;  and 
(3)  multimode  controls  and  displays  which  can  be  preset  for  compatibility  with  a 
missionized  payload. 

Key  considerations  in  the  design  of  controls  and  displays  are  real-world 
visual  correlation;  rapid  recognition;  and  minimum  space,  weight,  power  and  cost. 
Advanced  concepts  employing  digital  readout,  safe  operating  range  indicators,  go- 
no  go  test  indicators,  emergency  indicators,  and  flight/target/threat  situation 
displays  must  be  considered.  The  use  of  common  controls  and  displays  for  multiple 
mode  operation  affords  considerable  economy  in  space/weight/cost.  Developments  in 
multimode  matrix  electronic  display  instruments  (MEDIA)  employing  light  emitting 
diode  materials  and  components  should  provide  highly  reliable,  survivable  and  rel¬ 
atively  inexpensive  flexible  format  displays  for  use  on  advanced  aircraft. 

A. 1.5. 2. 3  Additional  Avionic  Equip¬ 
ment.  Additional  avionic  equipment  pos¬ 
sibilities  which  are  largely  self-evident 
and/or  related  to  previously  discussed 
equipment  are  summarized  in  Figure  A-41. 

Constraints  related  to  radar  antenna 
mounting/ pointing  and  provisions  for  EO  sensor  sighting/aiming  and  possibly  laser 
firing  are  expected  to  be  most  important  in  the  LWA  configuration  refinement. 
Location  of  the  electro-optical  platform  and  whether  the  insLaiiatiot.  is  a  fixed 
external  pod  installation  or  a  retractable  pod  installation  will  depend  upon  many 
factors  including  sensor  numbers  and  complexity,  internal  .pace  constraints,  and 
aircraft  performance  considerations. 
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Figure  A-41  General  Avionic  Equipment  Candidates 


A.  2  OPERATIONS  ASSESSMENT 


A. 2.1  REQUIREMENTS  IN  THE  1980s 

The  environment  in  which  tactical  aircraft  must  operate,  their  mission  objec¬ 
tives,  and  the  resulting  force  compositions  must  be  considered  In  the  design 
synthesis  of  new  tactical  aircraft.  Changes  in  potential  conflict  environments 
can  be  expected  to  present  more  stringent  demands  and  add  new  roles  for  a  new  CAS 
strike  system.  Convalr's  approach  to  establishing  system  requirements  and  evalu¬ 
ating  configuration  concepts  (Figure  A- 
42)  fully  embraces  the  LWA  philosophy 
of  selective  Incorporation  of  new  tech¬ 
nology  that  is  especially  adaptable  to 
the  post-1980  CAS/strike  role. 

A. 2. 1.1  Scenarios 

Battle  scenarios  have  been  developed 
to  characterize  the  specific  missions  and 
objectives  assigned  to  the  tactical  air 
strike  force.  A  conventional  full-scale 
conflict  is  represented  by  the  European 
NATO/PACT  scenario  and  an  intermediate 
level  conflict  by  the  Middle  East  Arab/ 

Israeli  scenario.  In  Central  Europe  the 
enemy  will  have  a  high  degree  of  mobility 
along  a  100  n.mi.  FEBA.  The  Middle  East 
scenario  is  more  geographically  compact 
with  about  one-third  the  target  density  of  Europe,  thus  can  be  defended  by  air¬ 
craft  with  a  shorter  combat  radius.  Available  bases  vary  from  50  to  approximately 
300  in  Europe,  dropping  to  about  5  in  Israel  or  46  if  Cyprus  and  Crete  are  allowed 
(Figure  A-44). 

The  impact  of  weather  on  strike  aircraft  design  is  exemplified  in  the  Euro¬ 
pean  scenario  where,  during  winter,  the  operational  limit  is  a  3000  foot  ceiling/ 


Figure  A-42  Approach  to  Operations  Assessment  for  LWA 


Figure  A-43  Scenarios  for  LWA  Analysis 
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300 


3  mile  visibility  for  60  percent  of  the 
time  (Figure  A -45) .  Strike  aircraft  uti¬ 
lization  can  be  significantly  increased  “  m 
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foot  ceiling  or  if  an  all-weather  capa-  g 
bility  is  available. 

The  nature  of  the  ground  target  com¬ 
plexes  will  not  be  significantly  different 
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surface-to-air  weapons  as  well  as  conven-  * 
tional  small  arms  fire.  Most  targets  will 
be  fleeting  in  nature  and  require  rapid 
response  to  requests  for  firepower  sqpport. 

A. 2. 1.2  Soviet  Aircraft  Trends 

Soviet  tactical  air  is  shifting  from  c 
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a  defensive  posture  to  a  balanced  force  ~ 
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Figure  A-45  Bad  Weather  Predominates 
European  Winters 


posture  (Figure  A -47) .  The  potential  im- 
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pact  of  this  shift  on  design  considera¬ 
tions  for  the  LWA  is  twofold:  (1)  a  per¬ 
missive  air  environment  around  FEBA  can- 


•  CENTRAL  EUROPE 

_ 

_ i.  i _ i — i _ i  i _ cm _ 

TROOPS  VEHICLES  TANKS  ARTILLERY  AAA  OTHER 

Figure  A-46  Target-Type  Distribution 
not  be  assured,  and  (2)  basing  must  minimize  vulnerability  to  an  air  base  strike. 
A. 2. 1.3  Protected  TAC  Force  Structure 

The  design  of  a  new  tactical  fighter  must  also  evolve  from  a  consideration 
of  the  other  systems  it  will  complement.  As  noted  in  Figure  A -48,  the  post-1980 
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Figure  A-47  Soviet  Aircraft  Trends 


Figure  A-48  Projected  Tactical  Force  Structure 
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Figure  A-49  Typical  Tactics 


force  structure  will  consist  of  F-4,  A-7, 
and  F-lll  aircraft  with  an  average  age  of 
13  years  and  specialized  aircraft  (i.e., 
the  F-15  and  A-9/10  aircraft  used  for  air 
superiority  and  close  troop  support  mis¬ 
sions,  respectively).  The  requirements 
set  forth  for  the  LWA  design  are  derived 
in  the  context  of  this  total  tactical 
air  force,  considering  specific  defi¬ 
ciencies  and  needs  for  replacement. 

A. 2. 2  TACTICS/EFFECTIVENESS/SURVIVABILITY 

The  tactics  emphasized  are  those 
which  take  maximum  advantage  of  unique  or 
superior  performance  capabilities  af¬ 
forded  by  advanced/emerging  technologies. 
The  effectiveness  standard  by  which  the 
performance  of  a  given  configuration  is 
evaluated  is  the  expected  degree  of 
accomplishment  (the  likelihood  that  the 
target  is  destroyed)  for  each  of  the 
missions  in  the  representative  set. 

Enhancement  of  survivability,  both 
on  the  ground  and  in-flight,  is  a  dominant 
consideration  in  design  (Figure  A-49). 
Ground  survivability  is  closely  allied 
with  reaction  time.  As  seen  in  Figure 
A-50,  STOL  forward-based  aircraft  have 
the  highest  potential  for  intercepting 
immediate  targets.  Systems  based  to  the 
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Operational  Projections 
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Figure  A-50  Target  Response  Times 
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Figure  A-51  Effect  of  Altitude  and  Jinking  on 
Probability  of  Hit 
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Figure  A-52  Mission  Phases 


rear  (»  150  miles  from  FEBA)  do  not  have 
suitable  response  time  for  such  targets. 
Mission  survivability  enhancement  tech¬ 
niques  investigated  include  speed,  alti¬ 
tude,  maneuver,  terrain  and  night/weather 
masking,  reduced  vulnerable  area,  and 
weapon  delivery  tactics,  such  as  stand¬ 
off  weapons  and  modes,  to  avoid  terminal 
defenses  and  to  minimize  time  in  the 
target  area  (Figure  A-51). 

A  broad  array  of  weapon  delivery 
tactics  is  now  possible  due  to  recent 
developments  in  weaponry.  Tactics  will 
include  both  pov’ered  and  unpowered  wea¬ 
pons  and  trainable  guns.  Consideration 
is  also  given  to  cost  of  ordnance,  air¬ 
craft  attrition  reduction  through  stand¬ 
off,  and  weapon  lofting.  Maneuvers  to 
allow  low-speed  weapon  launch  and  rapid 
acceleration  from  the  target  area  are 
potentially  required. 

A. 2. 3  MISSION  DEFINITION 

The  gross  breakdown  of  mission  phases 
shown  in  Figure  A-52  i3  further  subjugated 
into  tasks  and  events  as  needed  to  define 


parametric  operational  requirements  for 

configuration  synthesis.  As  noted  previously,  the  deficiencies  in  post-1980  tactical 
air  stiike  capability,  with  particular  emphasis  on  close  air  support,  are  the  basis 
for  the  representative  missions. 
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A. 2. 3.1  Range 

As' illustrated  In  Figure  A-53,  there 
is  a  high  concentration  of  targets  near 
the  FEBA;  90  percent  are  within  150  n.mi. 
A  pre-penetration  distance  of  150  n.mi. 

Figure  A-53  Mission  Radius  Considerations  provides  the  choice  of  numerous  fields 

along  the  front  in  Europe.  An  examination  of  15  countries  of  military  interest 
worldwide  reveals  that  97  percent  of  the  time  a  4,000-foot  runway  is  available 
within  150  n.mi.  In  Europe  the  150  n.mi.  pre-penetration  distance  also  provides 
for  adequate  lateral  mobility  along  the  front  to  concentrate  firepower.  This  in¬ 
dicates  that  a  300  n.mi.  combat  radius  is  probably  satisfactory. 

The  assumption  that  CONUS  forces  will  have  30  days  to  deploy  before  an  attack 
implies  a  high  level  of  activity  in  positioning  forces.  An  unrefueled  ferry  range 
of  at  least  1860  n.mi.  is  desirable  to 
cover  the  critical  leg  to  Europe  (Figure 
A-54) . 

A . 2 . 3 . 2  Availabil ity 

In  the  intense,  rapidly  changing 
conditions  envisioned,  high  surge  rates  will  vastly  improve  system  benefits.  Surge 
rates  of  4  to  6  sorties  per  day  are  desirable.  These  rates  imply  a  simple,  rugged 
system  requiring  about  10  maintenance  man-hours  per  flying  hour.  Some  30,000 
pounds  of  support  per  day  are  required  per  airplane  for  this  type  of  activity. 

The  ability  to  operate  down  to  conditions  of  a  1,000  foot  ceiling  and  1  mile 
of  visibility  allows  operation  in  Europe  85  percent  of  the  time.  The  use  of  sys¬ 
tems  external  to  the  aircraft  for  vectoring  may  be  sufficient  to  attain  the  needed 
night/weather  capability  with  nominal  costs. 

A. 2. 3. 3  Responsiveness 

Because  of  the  highly  fleeting  nature  of  the  postulated  targets,  a  response 
time  of  approximately  15  minutes  is  needed.  Short  field  capability  (<2500  ft.  run- 
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way)  or  air  loiter  (1  to  2  hours)  is  necessary  so  that  a  portion  of  the  forces  can 
be  rotated  near  the  front  and  closely  integrated  with  the  ground  combat  units. 

A. 2. 3.4  Lethality 

With  the  introduction  of  improved  delivery  systems  and  smart  bombs,  payloads 
of  4,000  to  6,000  pounds  may  be  sufficient  for  mission  objectives.  With  delivery 
accuracies  on  the  order  of  50  foot  CEP,  there  is  a  high  probability  (~90%)  that  a 
single  pass  will  kill  the  target.  Highly  accurate  delivery  of  a  single  bomb,  with¬ 
out  random  gross  errors  must  be  achieved  for  delivery  close  to  friendly  troops. 

In  a  low-threat  environment,  a  gun  would  provide  high  accuracy  at  the  lowest  cost, 
since  a  majority  of  the  targets  are  vulnerable  to  gun  fire. 

A. 2. 3. 5  Target  Acquisition 

To  counter  the  enemy's  option  to  move  at  night  and  under  adverse  weather  con¬ 
ditions,  sensors  (FLIR,  EO,  etc.)  are  needed  to  identify  moving  targets.  The 
ability  to  stay  within  5000  feet  of  a  target  for  a  reattack  during  daylight  is 
desirable  to  keep  the  target  under  visual  surveillance.  A  low-speed  turn  radius  is 
required  to  provide  this  capability  (  —  2500  feet  below  0.6M);  such  a  provision  also 
provides  the  capability  to  make  a  first  pass  from  visual  detection  of  an  offset 


target. 


APPENDIX  B 


IN-FLIGHT  POWERED  LIFT  DESIGN 
TECHNOLOGY  DEVELOPMENT 

The  in-flight  powered  lift  family  of  advanced  technology  concepts  is  of 
primary  interest  to  the  LWA  concept  because  of  its  potential  to  provide  STOL 
capability  as  well  as  excellent  low-  and  high-speed  maneuver  performance  in  a 
single  configuration.  This  family  includes  four  concepts  of  interest  to  the  LWA: 
(1)  vectored  thrust,  (2)  jet  flaps,  (3)  vectored  thrust  with  supercirculation, 
and  (4)  externally  blown  flaps.  With  the  exception  of  vectored  thrust,  each  of 
these  concepts  involves  a  significant  increase  in  circulation  lift  due  to  blowing, 
i.e.,  supercirculation. 

The  potential  aerodynamic  performance  of  these  concepts  is  summarized  in 
paragraph  A. 1.1.1.  However,  configurations  employing  these  concepts  must  be  de¬ 
signed  and  evaluated  in  order  to  fully  determine  the  real  potential  of  these  tech¬ 
nologies.  An  initial  assessment  of  powered  lift  concepts  indicates  a  great  deal 
of  theoretical  and  experimental  lift  and  drag  information  related  to  takeoff  and 
landing.  On  the  other  hand,  with  the  exception  of  simple  vectored  thrust,  there 
exists  only  a  small  amount  of  data  concerning  operation  of  these  concepts  at 
flight  speeds. 

The  data  that  are  available  on  the  supercirculation  concepts  at  flight  speeds 
are  mostly  experimental  and  represent  a  wide  variety  of  configurations  and  condi¬ 
tions.  The  first  step  to  remedy  this  situation  has  led  to  development  of  a  method 
for  predicting  the  aerodynamic  design  parameters  related  to  each  concept  through 
correlation  of  existing  theoretical  and  experimental  information. ^ 

The  resulting  method  is  not  necessarily  absolute  in  its  results,  and  its 
utility  lies  in  (1)  providing  consistent  performance  predictions  for  configuration 

^Mothersole,  G.  F.,  et  al.,  "Powered  Lift  Aerodynamic  Studies  for  the  Advanced 
Technology  Close  Air  Support  Fighter,"  Convair  Report  MR-A-2099,  1  June  1972 
(Confidential)-. 
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comparisons  and  (2)  accounting  for  performance  variations  as  a  function  of  impor¬ 
tant  configuration  variables.  In  perspective,  the  method  is  intended  for  use  in 
determining  the  directions  of  further  technology  development.  A  discussion  of  the 
general  evaluations  which  have  been  performed  and  some  indication  of  the  relative 
directions  of  each  of  the  candidate  powered-lift  concepts  is  presented  in  subse¬ 
quent  paragraphs  of  this  appendix.  The  configuration  performance  data  presented 
in  this  appendix  are  tail-off.  Because  of  the  unique  trim  problems  associated 
with  each  of  the  powered-lift  concepts,  innovative  configuration  designs  are  re¬ 
quired  to  realize  the  indicated  gains. 

B.l  DESIGN  OBJECTIVES 
B.1.1  SHORT  TAKEOFF  AND  LANDING 

Takeoff  and  landing  requirements  for  the  LWA  have  not  yet  been  specified. 

One  objective  of  the  LWA  operations  analysis  and  configuration  design  efforts  is 
a  parametric  evaluation  of  the  effect  of  different  STOL  requirements  on  the  con¬ 
figuration  and  its  operational  effectiveness.  For  discussion  purposes,  a  require¬ 
ment  of  1500  feet  for  takeoff  and  landing  over  a  50-foot  obstacle  is  assumed. 

For  modern  day  fighters,  a  1500-foot 
takeoff  requires  only  a  minimal  high-lift 
system,  if  any  (Figure  B-l).  A  1500-foot 
landing  is  a  different  matter. 

As  described  in  Convair's  STOL  Tac¬ 
tical  Fighter  Configuration  Study,  true 
short  field  landings  require  reduction 
of  the  touchdown  margin  through  the  use 
of  automatic  throttle  control  and  a  no¬ 
flare  landing  technique.*-  In  addition, 
thrust  reversal  can  provide  a  large  reduction  in  ground  roll  (Figure  B-2). 

*~ST0L  Tactical  Fighter  Configuration  Study.  AFFDL  TR-72-127,  February  1973. 
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Figure  Bxl  Modern-Day  Tactical  Fighters 
Have  STO  Capability 
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Figure  B-2  Landing  Technique  can  Shorten  Required 
Field  Length  for  Conventional  Fighter 


Figure  B-3  Steep  Approach  Angle  is  Important  for 
Realizing  Short  Landings 


Figure  B-4  Landing  Gear  Considerations  can  Limit 
Sink  Speed 
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Figure  B-5  Limit  Sink  Speed  can  Restrict 
Approach  Angle 


For  a  specified  landing  distance  over 
a  50-foot  obstacle,  the  allowed  rollout 
distance  is  proportional  to  the  approach 
angle  (Figure  B-3).  Maximizing  the  approach 
angle  is  important  to  the  achievement  of 
short  landings,  but  the  higher  sink  speeds 
associated  with  steep  approaches  compromise 
the  landing  gear  design  (Figure  B-4). 

Since  sink  speed  is  also  a  function  of 
landing  speed,  a  design  objective  then  be¬ 
comes  to  reduce  approach  speed  which  is, 
of  course,  the  purpose  of  powered  lift  for 
STOL  use  (Figure  B-5). 

Conceptually,  any  of  the  in-flight 
powered  lift  approaches  will  reduce  land¬ 
ing  speed  [V^pproach  Vstall  ~  ^Slax, 

T  _ 

Vert)].  The  effect  of  vectored  thrust 
is  to  reduce  the  required  wing  lift;  use 
of  the  other  concepts  provides  increments 
to  the  maximum  lift  available  as  well  as 
a  vectored  thrust  effect. 

The  objective  then  is  to  integrate 
the  candidate  technologies  and  the  total 
configuration  so  that  undue  penalties  are 
not  incurred  in  achieving  STOL.  Also, 
there  is  a  tradeoff  between  the  degree  of 
STOL  required  and  the  configuration  im¬ 
pacts  of  thrust  reverse,  sink  speed,  and 
powered  lift. 
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B.  1.2  COMBAT  MANEUVERS 


One  tenet  of  the  LWA  concept  is  to  offset  the  configuration  penalties  asso¬ 
ciated  with  STOL  by  using  powered  lift  to  improve  combat  maneuverability.  Since 
each  of  the  powered-lift  concepts  involves  a  jet  reaction  vertical  force  component 
over  the  basic  wing  lift,  an  improvement  in  instantaneous  lift  force  is  obviously 
realized.  The  question  in  the  case  of  instantaneous  load  factor  is  one  of  degree, 
and  the  tradeoff  is  the  impact  on  the  configuration  of  powered-lift  implementation 
versus  reduced  wing  loading. 

The  lift  increments  potentially  attainable  through  supercirculation  are  large, 
but  another  aspect  of  the  picture  is  the  efficiency  with  which  the  improvements 
are  generated.  From  a  configuration  standpoint,  this  can  be  measured  as  sustained 
lift  capability. 

For  contemporary  fighter  wing  loadings  and  threat  loadings,  vectored  thrust 
can  improve  sustained  lift  at  very  low  speeds  (less  than  200  knots),  because  the 
wing  will  reach  its  maximum  lift  capability  with  excess  thrust  remaining.  This  is 
not  the  case  at  higher  speeds,  and  sustained  lift  performance  is  reduced  with 
simple  vectored  thrust. 

The  sustained  lift  efficiency  of  the  supercirculation  concepts  depends  pri¬ 
marily  on  (1)  the  lift  augmentation  achieved,  (2)  the  degree  of  thrust  recovery, 

(3)  the  span  loading  efficiency,  and  (4)  the  thrust  losses  sustained  in  imple¬ 
menting  the  concept. 

The  possibility  of  improving  combat  capability  through  maneuvers  which  utilize 
quick,  large  decelerations  end  accelerations  has  recently  been  suggested  in  con¬ 
junction  with  thrust-vectored  aircraft. Such  maneuvers  are  opposed  to  the  con¬ 
cept  of  high  sustained  turn  rate,  but  potentially  offer  air  combat  advantages  where 

1"V/ST0L  Tactical  Fighter  Configuration  Research  Study,"  AFFDL-TR-71-157, 

December  1971. 

^"Vectored-Thrust  Maneuverability  Explored,"  Aviation  Week  and  Space  Technology, 
December  13,  1971. 
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Figure  B-6  Vectored  Thrust  Quick',  Reduces 
Turn  Radius 

flap  concepts  can  potentially  provide  the 


instantaneous  turn  radius  reductions  are 
appropriate  (Figure  B-6).  The  ability 
to  decrease  speed  in  a  ground  attack  dive 
can  also  increase  aircraft  effectiveness. 

In  addition  to  the  standard  vectored- 
thrust  approach,  the  vectored  thrust  with 
supercirculation  and  externally  blown 
"super  speed  brake"  capability  with  minor 


effect  on  the  configuration.  The  jet  flap  as  presently  envisioned  does  not  have 
the  capability  to  produce  deceleration  effects  as  large  as  the  other  powered  lift 
concepts.  In-flight  thrust  revere^  is  an  alternative,  but  less  desirable  method 


for  achieving  a  similar  deceleration  capability. 


B.2  VECTORED  THRUST 


B. 2 . 1  STOL  TACTICAL  FIGHTER  CONFIGURATION  STUDY 


Convair's  previous  contract  study  with  the  Flight  Dynamics  Laboratory  for 


STOL  tactical  fighter  configurations  has  provided  the  basis  for  LWA  vectored  thrust 
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Figure  B-7  Convair's  STOL  Tactical  Fighter  Study  Vectored 
Thrust  Configuration 


considerations.  The  configuration  de¬ 
picted  in  Figure  B-7  was  used  for  com¬ 
parison  purposes  with  other  powered  lift 
configurations . 

B.2. 2  VECTORED  THRUST  FOR  AIR  COMBAT 
Convair  has  utilized  its  digital 
simulation  design  tool  to  study  the  poten 
tial  of  thrust  vectoring  in  air  combat.^ 
Some  of  the  results  are  shown  in  Figure 
B-8.  Supercirculation  effects,  which  are 


attainable  with  some  configurations,  are  not  included  in  these  results. 


^Wenham,  R.  J.,  and  Gomez,  E.  L.,  A  Study  Demonstrating  the  Potential  of  Thrust 
Vectoring  in  Air  Combat,  Convair  Aerospace  Division  Report  MR-A-20^8,  May  1972. 
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With  thrust-vectoring,  an  increase 
in  average  turn  rate  advantage  is  observed 
at  smaller  thrust  angles  because  of  the 
boost  in  turning  force  provided  by  the 
gross  thrust.  However,  this  advantage 
drops  off  because  of  (1)  the  decreasing 
thrust  recovery  and  (2)  the  rapidly  de¬ 
caying  velocity  which  drives  the  aircraft 
state  into  the  Cl^^  region,  thus  reducing 


Figure  B-8  Digital  Simulation  Studies  Showing  Effect 
of  Thrust  Vectoring  (Fixed)  on  Air  Combat 
During  the  Initial  15  Seconds 


the  attainable  load  factor. 

The  vectoring  thrust  effect  is  more 
pronounced  on  turn  radius  advantage.  The  important  measure,  however,  is  the  degree 
to  which  the  thrust-vectored  aircraft  has  reduced  its  pointing  angle  relative  to 
the  nonthrust-vectored  aircraft.  Beyond  a  thrust  vector  angle  of  37  degrees,  the 
negative  effects  on  turn  radius  and  turn  rate  show  their  influences. 

In  conclusion,  these  data  emphasize  that  thrust  vectoring  must  be  applied 
only  during  brief,  tactically  wise  situations.  Extended  application  would  most 
certainly  drive  a  combatant  to  relatively  low  energy  levels  where  both  his  turning 
and  acceleration  potential  is  severely  reduced. 


B.3  JET  FLAPS 


B.  3.1  CONCEPTUAL  APPROACH 

The  jet  flap  concept  is  more  than  15  years  old.  Early  applications  were 
hard  to  justify  partly  because  the  high  equivalent  thrust-to-weight  ratios,  which 
are  required  to  realize  aerodynamic  benefits,  resulted  in  contemporarily  impracti¬ 
cal  configurations.  In  the  intervening  years,  engine  technology  and  operational 
requirements  have  evolved  to  a  point  where  operationally  useful,  high  thrust-to- 
weight  aircraft  are  in  existence,  and  jet  flaps  could  prove  practical. 

Previous  implementation  approaches  to  jet  flaps  typically  employed  the  total 
engine  exhaust,  which  resulted  in  a  hot,  relatively  low  pressure  gas;  e.g.,  the 


Figure  B-9  Jet  Flap  Lift  Augmentation  Depends 
on  Momentum  Coefficient 


exhaust  of  a  current  fighter  turbofan 
engine  has  a  nozzle  pressure  ratio  of 
less  than  2.5  and  a  gas  temperature  over 
700°F.  The  attendant  ducting  and  exhaust 
losses  can  be  high;  e.g.,  thrust  loss  for 
the  Hunting  experimental  jet  flap  air¬ 
craft  from  engine  to  wing  exit  is  esti¬ 
mated  to  be  28  percent. 

The  approach  to  this  problem  for  the 
LWA  is  to  use  air  from  a  high  compression 


ratio  fan  or  a  low  compression  ratio  compressor,  depending  on  the  preferred  termi¬ 


nology.  For  example,  fan  air  at  a  static  pressure  ratio  of  four  has  a  corresponding 
temperature  of  approximately  300°F.  For  a  given  amount  of  air,  this  greatly  reduces 
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Figure  B-10  An  Integrated  Duct/Trailing  Edge  Structure 
is  Desirable 


both  thrust  losses  and  duct  design  prob¬ 
lems.  One  disadvantage  of  using  only  fan 
air  is  the  reduced  blowing  momentum  co¬ 
efficient,  ,  as  compared  to  the  total 
engine  momentum  (Figure  B-9) . 

For  the  LWA,  the  advantages  accruing 
to  jet  flaps  from  technology  improvements 
are  somewhat  offset  by  application  to  thin, 
relatively  low  aspect  ratio  wings  as  com¬ 
pared  to  the  subsonic  aircraft  for  which 
jet  flaps  have  been  considered  in  the  past. 
Aerodynamic  improvements  are  markedly  bet¬ 
ter  for  high  aspect  ratio  wings;  thin 
wings  result  in  increased  losses  for  a 
given  c^  . 

Several  ducting  concepts  for  a  thin, 
fighter-type  wing  were  explored.  The 
three  concepts  shown  in  Figure  B-10  repre- 
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sent  typical  approaches  consistent  with 
the  expected  gas  pressure  and  temperature 
ranges.  The  first  concept,  in  which  con¬ 
ventional  wing  structure  forms  the  ducting, 
appears  to  offer  the  most  practical  ap¬ 
proach  from  the  standpoints  of  weight, 
producibility ,  and  momentum  losses. 

The  added  weight,  complexity,  and 
thrust  losses  associated  with  a  variable- 
angle  jet  flap  appear  to  override  the 
aerodynamic  advantages.  The  Hunting  jet 
flap  aircraft  has  a  mechanical  Coanda  flap 
which  turns  the  jet,  but  a  5  percent  thrust 
loss  is  estimated  to  occur  over  the  flap. 

A  variable  jet  angle  is  necessary  for  this 
aircraft,  because  the  aircraft  uses  its  jet  flap  exhaust  as  primary  propulsion  for 
non-high-lift  flight.  A  fixed-jet  nozzle  arrangement  has  been  assumed  for  the  LWA 
(Figure  B-ll). 

The  selection  of  the  fixed-jet  angle  is  important  in  design  of  a  jet  flap  con¬ 
figuration.  Both  the  lift  increment  and  the  thrust  recovery  factor  are  functions 
of  the  jet  angle,  and  selection  of  this  angle  can  make  a  large  difference  in  con¬ 
figuration  performance  (Figure  B-12). 

The  jet  flap  impacts  the  overall 
configuration  design  process  in  many  ways. 

For  example,  it  has  been  shown  that  the 
expected  lift  increment  for  a  jet  flap 
(as  well  as  for  the  other  supercircula¬ 
tion  concepts)  is  a  function  of  wing 
sweep. 

Another  area  of  configuration  trade¬ 
off  is  the  effect  of  wing  geometry  on  c  ^  . 
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Figure  B-13  Wing  Sweep-Back  Decreases  Jet  Flap 
Effectiveness 
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figure  b-ll  Simple  Fixed  Jet  Angle  Nozzle 
is  Desirable 
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Figure  B-12  Jet  Flap  Performance  is  Function  of 
Jet  Angle,  $ 
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Figure  B-14  Wing  Geometry  Affects  Jet  Flap  Duct  Losses 


Figure  B-15  Fan  Pressure  Ratio  Can  Limit  C ^ 


For  a  given  wing  area,  the  duct  flow  area 
is  a  function  of  both  wing  thickness  and 
wing  aspect  ratio.  If  duct  losses  are 
held  constant,  maximum  c ^  becomes  a  func¬ 
tion  of  these  parameters  (Figure  B-14). 

Although  turning  and  temperature 
losses  are  important,  the  primary  duct 
losses  are  friction  losses  which  are  a 
function  of  the  square  of  the  gas  velo¬ 
city,  and  the  velocity  is,  in  turn,  pro¬ 
portional  to  the  duct  area.  For  analysis 
purposes,  holding  duct  inlet  Mach  number 
constant  is  therefore  equivalent  to  main¬ 
taining  constant  duct  losses.  The  effect 
of  fan  pressure  ratio  and  duct  inlet  Mach 
number  on  c^  is  shown  in  Figure  B-15  for 
a  given  wing  planform.  Looking  at  it 
from  the  other  direction,  the  variation 
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Figure  B-16  Available  Zn  and  Wing  Geometry  are 
Strongly  Related 


date  has  shown  that  sets  of  the  above 
flaps  result  in  very  low  bypass  ratio 


of  c^  as  a  function  of  wing  geometry  for 
fixed  fan  pressure  ratio  and  duct  inlet 
Mach  number  is  given  in  Figure  B-16. 

Selection  of  a  c^  ,  a  fan  pressure 
ratio,  and  a  net  thrust  determines  the 
engine  bypass  ratio  which,  in  turn,  ties 
the  engine  cycle  selection  process  for 
the  other  mission  requirements  into  the 
jet  flap  design  process.  Analysis  to 
parameters  in  the  range  of  interest  for  jet 
engines . 
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The  above  discussion  indicates,  among  other  things,  the  impact  of  the  jet  flap 
concept  on  the  configuration  design  process.  Synthesizing  a  "best"  jet  flap  con¬ 
figuration  is  not  a  straightforward  task. 


B.3.2  POTENTIAL  PERFORMANCE 


A  280-square-foot  wing  with  an  aspect  ratio  of  3  and  a  thickness  ratio  of  0.04 
is  used  for  general  comparison  purposes.  For  this  wing,  a  minimum  c^  of  0.02  at 
Mach  0.9  and  30,000  feet  is  thought  necessary;  this  has  led  to  the  selection  of  a 
turbofan  with  a  fan  pressure  ratio  of  4  corresponding  to  a  wing  duct  inlet  Mach 
number  of  0.4.  This  design  point  fan  results  in  the  c  ^  1  s  shown  in  Figure  B-17  at 
other  speeds. 

The  potential  of  this  jet  flap  design  to  achieve  short  landings  is  problemati¬ 
cal.  With  a  wing  loading  of  80  pounds  per  square  foot,  the  approach  speed  is  98 

knots  for  an  80  degree  jet  deflection, 


Figure  B-17  Available  Cn  Used  rar  Jet  Flap  Performance 
Evaluations7- 
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Figure  B-18  Jet  Flap  Landing  Performance  Potential 


where  approach  speed  is  defined  as  the 
stall  speed  at  12  degrees  angle  of  attack 
(Figure  B-18).  The  problem  is  what  to 
do  with  the  basic  engine  thrust.  If  the 
engine  is  throttled  as  would  be  normal, 
the  available  c ^  is  greatly  reduced. 
Thrust  reverse  during  approach  is  a  pos¬ 
sible  solution,  particularly  since  it 
appears  to  be  needed  for  the  ground  roll 
phase. 

The  jet  flap  in-flight  performance 
for  this  particular  design  point  is  sum¬ 
marized  in  Figure  B-19.  It  is  noted  that 
different  total  engine  thrusts  are  assumed 
for  the  two-maneuver  conditions.  Review¬ 


ing  the  salient  points,  the  jet  flap  advantage  in  instantaneous  lift  lies  in  pro¬ 
viding  higher  lift  for  a  given  angle  of  attack.  For  practical  purposes,  wing  stall 
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Figure  B-19  Jet  Flap  In-Flight  Performance  Potential 
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per  se  has  been  eliminated  in  current  fighter  designs,  so  jet  flap  benefits  in 
total  usable  instantaneous  lift  are  questionable.  However,  there  are  several  ad¬ 
vantages  in  configuration  design  and  weapon  delivery  effectiveness  for  low  angle- 
of-attack  operation.  It  is  also  noted  that  Convair  test  data  on  transonic  jet 
flaps  indicate  definite  buffet  onset  lift  coefficient  increases  over  those  of  a.> 
unblown  wing. 

The  relative  efficiency  of  the  jet  flap  is  very  visible  in  the  drag-minus- 
thrust  versus  lift  comparisons  with  an  unblown  wing.  The  effect  of  the  jet  flap 
is  primarily  to  delay  the  polar  break  as  lift  in  increased.  The  jet  flap  is  less 
efficient  at  lower  lifts  due  to  thrust  losses,  but  above  some  lift  coefficient  the 
lift-to-drag  ratio  becomes  greater  for  the  jet  flap.  This  advantage  increases  as 
lift  is  further  increased. 

For  lift  coefficients  above  this  crossover,  the  jet  flap  results  in  a  better 
sustained  maneuver  load  factor  (or,  alternatively,  higher  specific  power)  than  an 
unblown  wing.  The  obvious  approach  is  to  use  the  jet  flap  only  above  this  thres¬ 
hold.  The  data  also  indicate  the  marginal  advantage  of  a  variable  angle  jet;  i.e., 
for  each  lift  coefficient,  there  is  one  jet  angle  which  is  better  than  others. 

In  another  perspective,  a  jet  flap  configuration  with  the  parameters  indicated 
in  Figure  B-19  and  a  50-degree  jet  angle  requires  a  wing  loading  of  88  pounds  per 
square  foot  to  sustain  a  4-g  maneuver  at  Mach  0.9  and  30,000  feet.  The  same  un¬ 
blown  wing  design  requires  a  wing  loading  of  74  pounds  per  square  foot.  For  a 
30,000-pound  aircraft,  this  can  be  translated  into  65  square  feet  less  wing  area 
and  possibly  500  pounds  less  weight  to  offset  the  jet  flap  mechanization  require¬ 
ments.  The  subsonic  and  supersonic  acceleration  and  cruise  advantages  of  a  higher 
wing  loading  are  possibly  even  more  important  than  the  weight  trade. 

For  the  present  approach,  i.e.,  using  fan  air  and  thin  wings,  the  percent  of 
total  thrust  of  the  jet  flap  air  is  very  small.  Therefore,  the  jet  flap  concept 
does  not  offer  an  inherent  capability  for  quick,  large  decelerations  and  accelera¬ 
tions.  Thrust  reverse  of  the  primary  engine  to  achieve  this  capability  is  a 
possibility. 


B.3.3  CONFIGURATION  CONSIDERATIONS 


A  conventional  configuration  approach  to  a  jet  flap  LWA  configuration  is  shown 
in  Figure  B-20.  This  configuration  is  balanced  to  reflect  CCV  implementation  in 
that  the  subsonic  aerodynamic  center  (AC)  is  forward  of  the  center  of  gravity  (CG) 
by  approximately  10  percent  of  the  mean  aerodynamic  chord  (MAC).  The  basic  opera¬ 
ting  weight  is  based  on  a  composite  structure  as  are  all  configuration  weights 
discussed  in  this  appendix. 


Because  of  the  downwash  of  the  jet  flap  wing,  a  T-tail  is  possibly  required. 
The  extent  of  downwash  is  dependent  on  the  amount  of  supercirculation  achieved, 
and,  with  the  relatively  low  c^'s  for  jet  flaps  currently  being  considered,  the 
need  for  a  T-tail  is  not  necessarily  obvious. 

Another  effect  of  supercirculation  is  to  cause  an  aft  shift  of  the  center  of 
pressure  and  a  corresponding  increase  in  nosedown  moment.  The  extent  of  this 
shift  as  a  function  of  c^  is  also  being  studied. 
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Both  the  downwash  and  moment  generation  effects  are  minimized  by  a  canard 
configuration,  i.e.,  the  control  surface  is  removed  from  the  downwash  and  placed 
so  that  the  trim  forces  are  lifting.  A  jet  flap  LWA  configuration  utilizing  the 
close-coupled  canard  approach  is  depicted  in  Figure  B-21.  This  configuration  is 
a’ so  balanced  to  reflect  CCV. 


The  above  configurations  reflect  somewhat  arbitrary  selections  of  engine  size, 
wing  loading,  aspect  ratio,  thickness  ratio,  etc.  The  purpose  of  evolving  such 
configurations  is  to  separate  workable  approaches  from  unworkable  ones  before 
initiating  configuration  geometry  and  size  studies. 

B. 3.4  GENERAL  EVALUATION 

The  jet  flap  concept  applied  to  a  fighter  aircraft  does  not  result  in  large 
blowing  momentum  coefficients  compared  to  those  of  traditional  jet  flap  approaches. 
This  approach  has  the  effect  of  minimizing  potential  gains  in  lifting  capability, 
which  impacts  the  STOL  and  instantaneous  load  factor  design  objectives. 

At  moderate  lift  coefficients  and  above,  the  jet  flap  is  a  more  efficient  pro¬ 
ducer  of  lift  than  an  unblown  wing  and  potentially  can  improve  sustained  maneuver 
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performance.  Another  consideration  concerning  jet  flaps  for  combat  maneuvering 
is  the  possibility  of  an  expanded  buffet  envelope.  In-flight  thrust  reverse  is 
one  solution  to  the  unanswered  problem  cf  excess  thrust  during  landing  approach 
as  well  as  providing  for  combat  decelerations  and  accelerations. 


B.4  VECTORED  THRUST  WITH  SUPERCIRCULATION 


168.45 - 


B.4.1  conceptual  approach 

The  vectored  thrust  with  supercirculation  (VT/SC)  concept  as  generally  ex¬ 
plained  in  paragraph  A. 1.1  is  relatively  new.  The  NASA's  Langley  Research  Center 

originated  the  concept  and  is  engaged  in 
an  active  experimental  program.  The 
initial  test  model  consisted  of  a  highly 
swept,  arrow  wing  planform  and  a  two- 
dimensional,  rectangular  nozzle  (Figure 
B-22) . 


Figure  B-22  NASA/Langley's  First  Vectored  Thrust 
with  Supercirculation  Wind  Tunnel 
Model 


The  inherent  advantages  of  VT/SC  are  the  very  high  c^  available,  the  elimina¬ 
tion  of  internal  wing  ducting,  and  the  high  deceleration  and  acceleration  capability 
associated  with  vectored  thrust.  The  only  inherent  penalty  is  the  weight  of  the 
thrust  vectoring  mechanism;  however,  the  concept  poses  very  special  demands  on  the 
configuration  arrangement,  which  can,  in  turn,  result  in  significant  penalties. 

Convair  has  found  through  correlation  with  the  NASA  experimental  results  that 
the  lift  augmentation  effect  of  VT/SC  corresponds  to  that  of  a  partial  span  jet 
flap.  On  that  basis,  the  analysis  shows  similar  variations  for  the  parameters  r 
and  c^  with  jet  angle.  The  low  thrust  recovery  factor  for  even  small  jet  angles 
•  0.42M,  5000  FT.  *AR  =  3.0  •  t/r  ■  0.04  has  been  observed  in  the  limited  amount 
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Figure  B-23  Vectored  Thrust  w/Supercirculation  Perform¬ 
ance  is  Function  of  Vector  Angle,  »j 


of  partial  span  jet  flap  test  data  and 
is  attributed  to  the  drag  increase  from 
partial  span  loading.  However,  the  NASA/ 
Langley  results  indicate  significantly 
higher  thrust  recovery  than  that  used  in 
these  illustrations,  and  this  anomaly  is 
currently  being  investigated. 


83 


Figure  B-24  Wing  Sweep-Back  Decreases  Vectored 
Thrust  w'Supercirculation  Effectiveness 


The  latest  NASA  tests  have  been  con 
ducted  with  a  planform  of  lower  sweep 
than  that  used  in  the  initial  work,  and 
improved  performance  was  obtained.  This 
is  to  be  expected,  since  empirical  cor¬ 
relations  indicate  a  detrimental  effect 
on  supercirculation  by  sweepback.  Cir¬ 
cular  nozzles  were  also  investigated  in 
the  later  NASA  test. 


B.4.2  POTENTIAL  PERFORMANCE 

The  maximum  available  c ^  for  the  VT/SC  is  the  full  momentum  of  the  engine. 

The  full  engine  momentum  c^'  s  which  are  used  in  the  following  performance  illus¬ 
trations  are  shown  as  a  function  of  velocity  in  Figure  B-25.  It  is  noted  that  a 

larger  engine  is  assumed  for  the  low 
speed  maneuver  condition  than  for  the 
landing  and  high  speed  maneuver  condi¬ 
tions  . 

With  the  high  c^  potentially  avail¬ 
able  for  landing,  approach  speed  is  ex¬ 
pected  to  be  determined  by  maximum  con¬ 
trollable  lift  rather  than  actual  lift  generation  capability.  However,  a  landing 
approach  with  thrust  vectoring  at  any  but  very  large  jet  angles  or  a  very  low  en¬ 
gine  power  setting  poses  the  same  problem  as  the  jet  flap,  i.e.,  what  to  do  with 
the  excess  horizontal  thrust.  Throttling  the  engine  reduces  the  and  hence  the 
lift  increment.  Using  a  large  vector  angle  for  landing  is  not  bad  in  itself; 
however,  it  does  require  a  large  angle  thrust  vectoring  system,  which  might  not 
be  required  otherwise.  Short  landings  appear  definitely  possible,  and  a  trade 
between  controllability,  power  setting,  and  jet  angle  is  indicated. 

In-flight  performance  of  the  VT/SC  concept  is  presented  in  Figure  B-26. 
Drawing  some  parallels  with  the  previous  jet  flap  data,  the  VT/SC  concept  produces 
greater  lift  at  a  given  angle  of  attack  than  jet  flaps  but  is  less  efficient  than 


Figure  B-25  Available  Cyx  Used  for  VT/SC  Performance 
Evaluation 
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Figure  B -26  Vectored  Thrust  w/S uperci rcu lation  In- Flight  Performance  Potential 
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an  unblown  wing  except  at  high  speed  and  high  lift  coefficients.  The  prediction 
obtained  indicates  the  induced  drag  effect  of  partial  span  loading  makes  VT/SC 
even  less  efficient  than  a  standard  vectored  thrust  approach  for  low  speed  maneuvers. 
B.4.3  CONFIGURATION  CONSIDERATIONS 

A  conventional  configuration  arrangement  for  implementing  VT/SC  is  shown  in 
Figure  B-27.  The  configuration  is  balanced  for  CCV  with  the  CG  aft  of  the  AC  by 


approximately  10  percent  of  the  MAC.  The  overriding  concern  with  this  type  of 
arrangement  is  the  engine-out  situation  during  supercirculating  operation. 

Like  the  jet  flap,  VT/SC  produces  significant  nose-down  moments.  This  moment 
is  further  increased  if  the  thrust  vector  does  not  pass  through  the  CG.  The  VT/SC 
concept  requires  the  nozzle  to  be  in  the  immediate  vicinity  of  the  wing  trailing 
edge,  and  the  CG  is  located  in  the  vicinity  of  the  AC  to  minimize  trim.  Therefore, 
an  inherent  dichotomy  exists.  For  example,  the  above  conventional  arrangement  re¬ 
sults  in  a  20-inch  moment  arm  with  the  Jet  angle  at  20  degrees. 
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At  maneuver  speeds  and  the  correspondingly  small  jet  angles  which  are  antici¬ 
pated,  the  moment  contribution  for  this  degree  of  offset  has  a  relatively  small 
Impact  on  the  trim  requirements.  However,  a  combination  during  landing  of  low 
speed  and  large  jet  angle  does  result  In  significant  additional  control  power 
requirements . 

An  M-wing  configuration  Is  a  possible  approach  to  minimizing  the  distance 
between  the  thrust  vector  and  the  AC  (and  thus,  the  CG) .  The  arrangement  shown 
In  Figure  B-28  reduces  the  moment  arm  to  12  Inches  for  a  20-degree  jet  angle. 

This  configuration  Is  also  balanced  with  the  CG  behind  the  AC  for  CCV  benefits. 


BASIC  DATA 

•  Conb*t  PO  Cross  Weight . 

30.000  lbs 

•  Basic  Operiling  Weight _ 

IT.  ?60  lbs 

•  Internil  Ptyioad _ 

_  4.000  lbs 

•  Exterrvil  PiyloM _ 

_  3.000  lbs 

•  Inter  nil  Fuel _ 

S.  740  lbs 

•S.l.S  Thrust _ 

7S.000  lbs 

•  Wing  (Theorrticili  S* _ 

_  N4  sq.  *. 

•  Aft _ 

4.0 

•  A 

_ 0.6* 

•  Ut  ‘64A  Series) _ 

_ 4% 

•  MTS _ _ _ 

-  UW  Ibs/sq.  ft. 

Figure  B-28  M-Wing  VT/SC  Arrangement  Reduces  Thrust  Vector  -  CG  Separation 

As  for  the  jet  flap,  a  canard  arrangement  has  some  inherent  advantages;  i.e., 

the  control  surface  is  removed  from  the  downwash,  and  it  becomes  a  lifting  surface. 
It  also  allows  a  centerline  propulsion  arrangement,  thereby  alleviating  the  engine- 
out  roll  control  problem. 


Such  an  arrangement  Is  shown  In  Figure  B-29.  This  arrangement  also  Incorpo¬ 
rates  the  features  of  the  jet  flap-canard  configuration.  In  analyzing  this 
arrangement,  It  becomes  apparent  that  the  canard  approach  to  VT/SC  has  an  Inherent 
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forward  CG  location  problem.  For  example, 
the  CG  for  this  configuration  when  full 
is  at  zero  percent  MAC;  when  empty,  the 
CG  moves  forward  17  percent.  This  is 
obviously  an  unacceptable  trim  situation. 

By  removing  the  internal  weapons  bay 
and  shortening  the  nose,  the  above  arrange¬ 
ment  can  be  reconfigured  as  shown  in 
Figure  B-30.  The  full-up  CG  location  is 
moved  aft  to  14  percent  of  the  MAC,  but 
the  spread  in  CG  from  full  to  empty  is  still  a  significant  13  percent. 


Figure  B  29  Close -Coupled  Canard  VT/SC  Arrangement 
Results  in  Large  Positive  Static  Margin 


Figure  B-30  Removing  Weapons  Bay  Reduces  Static  Margin  for  Canard  -  VT/SC  but  Still  Unsatisfactory 


The  problem  of  thrust  vector-CG  separation  is  accentuated  by  the  canard  ap¬ 
proach.  For  example,  the  above  arrangement  has  a  38-inch  moment  arm  at  the  most 
aft  CG  location. 

An  alternative  to  using  the  full  momentum  of  the  engine  is  to  use  only  the 
fan  air  of  a  moderate  bypass  turbofan  for  blowing  (Figure  B-31).  This  approach 
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ENGINE  EXTENSION  (IF  REQUIRED) 


allows  the  bulk  of  the  engine  weight  to  be  placed  aft  of  the  wing  trailing  edge, 
which  rectifies  the  nose-heavy  situation  encountered  with  the  canard  configurations 
described  above.  Further  latitude  in  CG  location  is  provided  by  extending  the  fan 
drive  shaft  so  that  the  location  of  the  core  engine  can  be  based  solely  on  balance 
considerations . 

The  blowing  momentum  is  reduced  by  about  one-half  for  the  bypass  ratio  1.5 
turbofan  engines  considered  here.  Aerodynamic  performance  comparisons  are  shown 
in  Figure  B-32  for  a  thrust  vector  angle  of  20  degrees.  Although  the  lift  incre¬ 
ment  is  reduced,  it  is  noted  that  the  reduced  c^  allows  a  larger  trimmable  angle 
for  the  fan-air-only  case  if  the  balance  situations  are  similar.  The  larger 
vector  angle  increases  the  lift  increment,  and  for  the  configurations  studied  here, 
the  trimmable,  fan-air-only  lift  increments  are  at  least  as  great  as  the  trimmable, 
full-engine-momentum  lift  increments . 

B.4.4  GENERAL  EVALUATION 

The  VT/SC  concept  is  appealing,  because  it  potentially  provides  large  lift 
increments  and  deceleration  capability  with  a  minimum  impact  on  the  propulsion, 
mechanical,  and  structural  aspects  of  the  configuration.  Its  potential  drawbacks 
are  low  thrust  recovery  and  penalizing  configuration  arrangement  requirements. 

Both  problems  are  subject  to  alleviation  through  innovative  design  approaches. 


89 


•  AR  *  3.0 


•Ale  *  40°  *t/c  *  04  *SREF  *  280  SQ-  n-  •  VAR  I  ABLE  L.E.  FLAP 


Figure  B-32  Fan-Air-Only  VT/SC  Aerodynamic  Performance  Potential 

B . 5  EXTERNALLY  BLOWN  FLAPS 


B.5.1  CONCEPTUAL  APPROACH 

The  externally  blown  flap  (EBF)  concept  is  not  new  and  is  a  favored  approach 
in  STOL  transport  technology.  Consideration  of  EBF  for  fighters  has  been  re¬ 
stricted,  primarily  because  of  concern  over  (1)  blowing  flaps  with  augmented  ex- 


•  0.42M,  5000  FT  *AR  =  3.0  *t/c  ■=  0.04 


Figure  B-33  EBF  Performance  is  Function  of  Flap 
Turning  Angle,  e 


haust  and  (2)  engine-out  roll  control. 

The  effects  on  EBF  performance  of 
jet  angle  (flap  angle,  in  this  case)  and 
sweepback  are  similar  to  those  of  the 
other  supercirculation  concepts.  For 
the  EBF  application  to  the  LWA ,  a  single- 
slotted  flap  has  been  assumed. 
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B.  5.2  POTENTIAL  PERFORMANCE 

The  EBF  concept  is  similar  to  the 
VT/SC  in  that  the  full  engine  momentum 
is  the  maximum  available  c ^  .  The  values 
of  c^  which  are  used  in  the  EBF  perfor¬ 
mance  illustrations  are  those  shown 
previously  in  Figure  B-25.  As  noted 
previously,  a  larger  engine  is  assumed 
for  the  low  speed  maneuver  condition  than 
for  the  landing  and  high  speed  maneuver 
conditions . 

If  near  full  span  blowing  can  be 
achieved,  the  performance  of  EBF  is  excellent  in  incremental  lift  and  reasonably 
efficient.  As  is  the  case  for  VT/SC,  short  landing  performance  depends  on  con¬ 
trollability;  and  large  jet  angles  and/or  low  power  settings  are  required  in  order 
to  minimize  excess  thrust. 

As  seen  in  Figure  B-35,  the  EBF  concept  is  more  efficient  at  very  high  lift 
coefficients  than  an  unblown  wing.  It  also  has  the  potential  at  low  lift  coeffi¬ 
cients  of  providing  rapid,  large  decelerations.  The  overriding  potential  advan¬ 
tage  of  EBF  is,  however,  a  very  large  instantaneous  lift  capability. 

B.5.3  CONFIGURATION  CONSIDERATIONS 

The  configuration  arrangement  constraint  of  a  fixed  relationship  between  the 
engine  nozzle  and  the  wing  trailing  edge,  which  is  encountered  with  the  VT/SC  con¬ 
cept,  also  exists  for  EBF.  The  difference  is  that,  for  EBF,  the  nozzle  must  be 
forward  of  the  trailing  edge,  which  tends  to  worsen  the  forward  CG  location  prob¬ 
lem.  The  arrangement  shown  in  Figure  B-36  has  an  essentially  coincident  AC  and 
CG,  and  the  full  benefits  of  CCV  cannot  be  realized. 

By  placing  the  CG  as  far  aft  as  it  is  in  the  configuration  shown  in  Figure  B-36, 
the  aerodynamic  performance  is  compromised.  The  inlet  ducts  are  shorter  than  desired 
resulting  in  a  low  nacelle  fineness  ratio  and  marginal  inlet  performance  at  super- 


Figure  B-34  Wing  Sweep-Back  Decreases  EBF 
Effectiveness 
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Figure  B-35  EBF  In-Flight  Performance  Potential 
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Figure  B-36  Conventional  EBF  Configuration  Arrangement 


sonic  speeds  (Figure  B-37).  The  engine  is  moved  further  aft  than  desired  re¬ 


sulting  in  less  span  blowing  than  is  possible  otherwise.  Finally,  the  nacelle  is 


TRANSONIC  DRAG  IMPROVEMENT 


SIMPLE  SEOTltD  FLAP 


Zr  MANEUVER 


ii~ 


moved  up  under  the  wing  both  to  minimize 
the  required  nozzle  vectoring  angle  and 


\ _ -t/o-lano  t0  eliminate  the  need  for  a  pylon.  This 


also  reduces  the  extent  of  the  span 

DtSIMC  ALRCCYKAMIC  LOCATION^  '  MOST  WORKABLE  LOCATION 
•  Transonic  Drag  ‘Balance  being  blown. 

•Augmented  LIN  ‘Structure 

.  J  „  .  ....  ,  „  ,  „„„  „  Several  canard  approaches  to  EBF 

Figure  B-37  Desired  Engine/Wmg  Location  for  EBF  Compro¬ 
mised  by  Required  Aft  Shift  of  CG  arrangements  have  been  attempted,  but 


‘  MOST  WORKABLE  LOCATION 
•Balance 
•Structure 


all  exhibit  the  same  forward  CC  location 


problem  associated  with  the  VT^SC  concept,  but  to  a  greater  extent.  An  approach 
of  stacking  engine,  wing,  and  fuselage  in  a  P-38,  twin-boom-type  arrangement 
promises  a  workable  balance  situation  but  results  in  unsatisfactory  transonic  and 
supersonic  characteristics. 


i 
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B. 5.4  GENERAL  EVALUATION 


The  EBF  concept  Imposes  more  configuration  arrangement  problems  than  any  of 
the  other  in-flight  powered  lift  concepts.  The  redeeming  feature  of  EBF  is  the 
large  lift  increment  potential  if  near  full  span  blowing  can  be  attained.  Atten¬ 
dant  to  this,  however,  is  a  correspondingly  large  nose-down  moment  increment. 


94 


APPENDIX  C 

APPLICATION  OF  ADVANCED 
COMPOSITE  MATERIALS  TO 
FIGHTER  AIRCRAFT  STRUCTURE 


The  high  specific  strength  and  stiffness  of  unidirectional  graphite  and  boron 
composite  materials  coupled  with  their  tailorability  for  specific  conditions  per¬ 
mit  the  design  of  aircraft  structural  configurations  which  are  not  practical  with 
conventional  metals.  Structural  component  weight  savings  of  25  to  35  percent  are 
possible  by  proper  application  of  advanced  composite  materials. 

The  use  of  advanced  composites  for  aircraft  structures  has  been  limited  to 
material  substitution  or  metal  reinforcement  of  selected  components.  No  new  air¬ 
craft  have  been  designed  and  built  to  obtain  full  advantage  of  composites  tech¬ 
nology.  The  reasons  are  several.  Material  costs  are  very  high;  the  technology 
is  relatively  new  and  confidence  is  lacking;  low  cost  fabrication  and  tooling 
methods  must  be  proven;  and  a  different  design  methodology  is  required.  However, 
the  potential  payoffs  in  both  performance  and  cost  justify  continuing  emphasis 
on  composites  development,  and  the  next  logical  step  is  a  prototype  aircraft. 

C.l  DESIGN  AND  FABRICATION 

There  are  several  general  design  and  fabrication  guidelines  for  composites. 
Highly  loaded  mechanical  joints  are  to  be  avoided  because  of  the  brittle  nature 
of  composite  materials.  Large  area,  fully  inspectable  components  are  desirable. 
Simultaneous  curing  and  assembling  of  detail  parts  reduces  processing  time  and 
fit  problems.  Designing  for  filament  dominated  load  response,  rather  than  mechani¬ 
cal  joints,  increases  the  fatigue  life  of  the  structure.  Through- the-body  wing 
and  empennage  carry-through  structures  are  preferable  to  full-chord  root  splices. 
C.1.1  WING 

The  level  of  structural  efficiency  achieved  in  composite  wing  design  as  com¬ 
pared  to  conventional  metals  is  a  function  of  the  wing  geometry.  High  aspect 
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ratio,  large  area,  thin  wings  are  structurally  practical  with  composites  and  offer 
obvious  aerodynamic  advantages  on  a  high  performance  fighter. 

For  this  type  of  wing,  the  most  efficient  structural  arrangement  is  to  put 
the  primary  load  bearing  material  in  the  wing  skins.  The  results  are  thick  wing 
skins  which  are  tailored  to  meet  the  aeroelastic  constraints  of  flutter  and 
divergence.  Full-depth  sandwich  construction  is  a  good  choice  for  this  type  o£ 
wing  configuration  (Figure  C-l). 


Figure  C-l  A  Thin,  Composite  Wing  Might  be  Full 
Depth  Sandwich  Construction 


The  wing  box  is  manufactured  in 
one  piece  from  tip-to-tip  yielding  a 
simplified,  automated  lay-up  and  there¬ 
by  a  low-cost  component.  Hard  points 
for  stores  and  other  attachments  are 
provided  by  simply  replacing  the  honey¬ 
comb  core  with  buildups  of  laminate 
material. 

A  composite  wing  can  be  designed 
for  damage  tolerance  and  fail-safety  by 
incorporating  crack  arresting  buffer 
strips  in  the  skins. ^  With  a  high  wing 
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Figure  C-2  Wing/Fuselage  Joint  can  Use  Fail-Safe 
Lug  Fittings 


configuration,  multiple-lug,  fail-safe 
fittings  appear  practical  for  use  in 
attaching  the  wing  to  the  fuselage 
(Figure  C-2). 

Through  the  use  of  an  aeroelastic 
synthesis  procedure,  the  wing  skin 
material  distribution  that  simultaneously 


satisfies  strength,  flutter  speed,  and  static  aeroelastic  constraints  is  defined. 
A  typical  distribution  is  shown  in  Figure  C-3.  A  skin  efficiency  of  2.7  times 
that  of  aluminum  has  been  achieved. 


^  See  Section  A. 1.4. 3. 
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Figure  C-3  Optimized  Composite  Laminate  Design 
for  a  Particular  Wing  Geometry 
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C.1.2  FUSELAGE 


Several  viable  concepts  for  com 


posite  fuselage  structures  have  been 


defined 


WINC  SPAR 
Of  C»  lof 
W«fH| 


(1)  sandwich-shell,  (2)  strong-back 


and  (3)  shell-liner  (Figure  C-4).  The 


sandwich-shell  concept  makes  use  of 
composite-faced  honeycomb  sandwich 
panels  to  form  the  outer  shell  and 
utilizes  both  solid  laminate  and  sand¬ 
wich  bulkheads  and  frames.  The  sand¬ 
wich-shell  concept  has  been  used  in 
component  substitution  applications 
and  is  considered  current  technology. 

The  strong-back  fuselage  structure 


Figure  C-4  Several  Structural  Concepts  Exist 
for  a  Composite  Fuselage 


concept  places  the  primary  load-bearing 


material  in  the  inlet  duct  and  nacelle  structure  where  a  minimum  number  of  pene¬ 


trations  are  required  for  access  to  systems  and  equipment.  The  outer  shell  of 
the  fuselage  is  a  simple  aerodynamic  fairing.  The  major  disadvantage  of  this 
concept  is  the  low  efficiency  due  to  placement  of  structure  near  the  neutral  axis 
of  the  beam. 
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The  shelL-liner  concept  19  similar  to  that  used  in  fiber  glass  boat  construc¬ 


tion.  The  outer  shell  is  a  simple,  constant  thickness  laminate.  The  liner  is 
molded  to  shape  and  is  reinforced  to  provide  the  substructure.  The  shell  and 
liner  are  bonded  together  to  form  a  complete  structure  with  adequate  strength  and 
stiffness.  The  systems  and  equipment  mounting  provisions  are  integral  within  the 
structure. 


Figure  C-5  New  Composite  Empennage  Design  Concepts 
can  Save  Weight  and  Cost 


C.1.3  EMPENNAGE 

Several  fighter  aircraft  have 
been  designed  and  flown  with  advanced 
composite  horizontal  and/or  vertical 
tails.  These  designs  have  resulted 
in  weight  savings  and  are  considered 
state-of-the-art  designs.  New  concepts 
that  offer  increased  savings  in  weight 
and  cost  have  been  defined  (Figure  C-5). 

The  objective  of  these  new  concepts 
is  to  avoid  intense  load  transfer  joints 
at  the  root  chord.  In  addition,  fewer 
and  simpler  parts  are  employed,  and 
additional  weight  and  cost  savings  are 
obtained. 


C.2  COST 

Advanced  composites  provide  cost-effective  airframe  components.  A  recent 
case  in  point  involving  an  F-lll  part  is  summarized  in  Figure  C-6. 

The  use  of  composites  in  a  total  airframe  offers  potential  cost  improvements 
in  three  areas:  (1)  lower  fabrication  cost,  (2)  reduced  operating  cost,  and  (3) 
reduced  quantities  of  airframes  needed  to  achieve  the  required  function.  Lower 
fabrication  costs  can  be  achieved  with  composites  by  using  simpler  parts,  fewer 
parts,  less  tooling,  and  lower  cost  tooling.  Assembly  cost  is  also  reduced  be¬ 
cause  of  the  fewer  and  simpler  parts. 
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ALUMINUM 


OPERATION 

QTY 

NO.  STEPS 

MAN  HOURS 

1 

OUTER  SKIN 

1 

13 

4.8 

2 

INNER  SKIN 

3 

4 

.5 

3 

CORE 

3 

11 

2.0 

4 

EDGE  MEMBERS 

11 

11 

1.7 

5 

PREFIT 

13 

2.4 

6 

CLEAN 

6 

1.5 

7 

ASSEMBLE 

14 

3.3 

8 

BOND 

13 

2.2 

9 

POST  BOND 

6 

1 .6 

10 

INSPECTION 

5 

1.3 

11 

FINISH 

7 

2.3 

12 

TRIM 

3.0 

13 

DRILL 

5.0 

SUBTOTAL 

31.60 

LABOR  COST  @  $13.00 

410.80  | 

MATERIAL  COST 

12.50 

TOTAL 

S  423.30 

GRAPHITE 

SANDWICH 


2.5%  Rejection 


OPERATION 

QTY 

NO.  STEPS 

MAN  HOURS 

OUTER  SKIN 

1 

2 

.3 

INNER  SKIN 

1 

2 

.3 

CORE 

1 

2 

.3 

DOUBLERS 

2 

3 

.2 

ASSEMBLE 

7 

2.6 

BOND 

1 

2.0 

POST  BOND 

.4 

INSPECT 

1 

1.0 

DRILL 

1 

.5  f 

SUBTOTAL 

7.6 

LABOR  COST  @  $13.00 

98.80 

MATERIAL  COST 

258.00 

TOTAL 

S  356.80  | 

Figure  C-6  Cost  Comparison  for  an  F-lll  Part  Shows  Composites  can  be  Lower  Cost  than  Aluminum 


Composites  effect  a  reduction  in  operating  cost  by  improving  the  service 
life  (composite  laminates  do  not  fatigue  crack  like  metal).  They  are  easy  to  re¬ 
pair,  corrosion-resistant,  and  less  subject  to  damage.  Operating  cost  savings 
have  been  substantiated  by  flight  experience  on  the  F-lll  horizontal  tails,  wing 
trailing  edge  panels,  and  main  landing  gear  door.^ 

A  third  area  where  composites  can  result  in  lower  cost  is  in  the  reduced 
quantities  of  airframes  needed  to  do  a  specific  job.  That  is,  an  advanced  com¬ 
posites  aircraft  offers  increased  mission  performance  and  less  out-of-commission 
time  for  maintenance  than  a  conventional  metal  aircraft,  which  means  fewer  air¬ 
planes  to  do  an  equivalent  job. 


"Maintainability  Aspects  of  Composite  Structures,"  Convair  Report  ERR-FW-1218, 
December  1971. 
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Cost  studies  conducted  by  Convair  during  a  recent  composite  airframe  study 
indicate  that  a  composite  substitution  airframe  can  be  produced  at  an  8.7  percent 
savings  over  metal  construction  provided  certain  improvements  in  material  costs, 
tooling,  and  processing  are  achieved.*  Itemized  cost  comparisons  and  sensitivities 
to  the  primary  cost  parameters  are  shown  in  Figure  C-7. 


Figure  C-7  Studies  Show  Composites  to  be  Cost  Competi¬ 
tive  on  Simph  Material  Substitution  Basis 


Recent  developments  in  the  application  of  composite  technology  indicate  near- 
term  improvements  in  weight  and  cost  savings,  but  improvements  are  dependent  upon 
simplified  design  concepts  and  airframe  configurations  that  afford  efficient  utili¬ 
zation  of  advanced  composites.  Research  is  being  done  to  identify  and  verify  low- 
cost  composite  structures  for  airframes.  If  one  assumes  that  the  planned  programs 
are  moderately  successful,  then  composite  construction  costs  should  be  equivalent 
to  metal  construction  costs  by  the  1975-1977  time  period. 


"Conceptual  Design  of  Advanced  Composite  Airframes, "  Report  AFML-TR-73-4, 
February  1973. 
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C, 3  ADVANCED  COMPOSITE  AIRPLANE  DEVELOPMENT 


A  near-term  prototype  ts  needed  to  determine  the  performance,  functionahility , 
and  cost  of  an  advanced  composite  airplane.  The  objective  of  such  a  prototype 
program  is  to  develop  the  data  base  for  possible  production  aircraft. 

A  composite  prototype  airframe  can  be  fabricated  with  low  cost  temporary 
tooling  and  will  be  more  easily  modified  than  a  metal  airframe.  These  features 
tend  to  lower  the  cost  of  the  prototype  and  increase  its  utility  for  technology 
development. 


«  A  « 
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APPENDIX  D 


L  W  A  CONFIGURATION  29  EVOLUTION 
AND  JUSTIFICATION 

The  selection  of  LWA  Configuration  29  for  validation  with  man-in- the-loop 
simulation  is  the  result  of  a  four-step  technical  approach:  (1)  assessment  and, 
where  necessary,  development  of  technology  and  operational  concepts;  (2)  establish¬ 
ment  of  basic  configuration  characteristics  which  are  not  subject  to  tradeoff; 

(3)  development  of  reference  configurations  which  reflect  different  technology 
approaches;  and  (4)  quantification  of  mission/configuration  tradeoffs. 

Appendices  A  through  C  cover  the  results  of  the  first  step.  This  appendix 

is  addressed  to  the  last  three  steps  and  to  the  rationale  that  led  to  selection  of 

LWA  Configuration  29  for  man-in-the-loop  simulation. 

D.l  NON- PARAMETRIC  CONFIGURATION 
CHARACTERISTICS 

A  number  of  issues  which  are  not,  for  one  reason  or  another,  included  in  the 
present  mission/configuration  tradeoffs  are  significant  factors  in  developing  the 
basic  LWA  configuration.  From  the  standpoint  of  parametric  aircraft  performance 
impact,  the  alternatives  in  this  category  are  second  order,  but,  in  some  cases, 
they  are  very  important  to  the  total  weapon  system  concept. 

These  issues  and  the  tradeoffs  involved  are  discussed  below.  In  addition, 
rationale  for  the  LWA  configurui ior  approach  is  provided  and  supported  by  tradeoff 
data  when  possible.  In  many  cases,  results  from  previous  studies  and  experience 
are  used  rather  than  "reinvent  wheels."  The  configuration  areas  covered  include 
the  following:  armament/avionics,  crew  station,  propulsion,  control  surfaces,  and 
the  -ilities. 

D.1.1  ARMAMENT/AVIONICS 

The  LWA  is  first  and  foremost  an  air-to-ground  weapon  delivery  system  par 
excellence.  It  seems  evident  that  future  standards  will  be  set  by  the  weapons 
themselves  and  the  associated  delivery  systems.  Thus,  the  aircraft's  primary  ob¬ 
jectives  are  to  survive  the  threat  and  to  accommodate  the  weapons  and  systems  (in 
addition,  of  course,  to  delivering  the  weapons  at  a  desired  location  and  time). 
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WARHEAD  WEIGHT  -  LBS 


The  proper  integration  of  modern  armament  and  avionics  is  central  to  the  suc¬ 
cess  of  the  LWA  concept.  Without  the  ability  to  carry,  protect,  and  release  the 
desired  weapons  over  a  broad  Mach/altitude  regime,  full  use  of  the  LWA  improved 
airframe  performance  and  thus  the  sought-after  improvements  in  survivability  and 
effectiveness  cannot  be  obtained. 

The  objective  of  properly  accommodating  weapons  and  systems  when  taken  in 
context  with  the  LWA  ground  rule  of  a  lightweight,  inexpensive  aircraft  presents  a 
traditional  dichotomy.  The  armament  and  avionics  concepts  incorporated  in  the  LWA 
configuration  design  are  believed  to  offer  new  solutions  to  old  problems. 

D . 1 . 1 . 1  Armament  Concept 

The  LWA  armament  concept  began  with 
selection  of  the  candidate  weapons.  The 
candidates  selected  are  expected  to  be 
available  in  the  post-1980  time  period. 

D. 1, 1.1.1  Air-to-Ground 

An  important  activity  with  regard 
to  future  air-to-ground  bombs  and  missiles 
is  the  Modular  Weapons  Study  (Figure  D-l). 
This  program  has  far-reaching  implications 
as  to  the  ultimate  success  of  weapons  in- 


•  MODULAR  WfAPUNS  STUDY  MATRIX 
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Figure  D-l  Modular  Weapons  are  Important  to  LWA 
Air-to-Ground  Flexibility 
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CEP  -  FT 

Figure  D-2  Smart  Bomb  Technology  Decreases  Payload 
Requirements 


tegration  with  a  high  performance  aircraft. 

The  impact  on  the  LWA  concept  of 
guided  weapons,  particularly  those  de¬ 
veloped  in  recent  years,  is  great.  The 
effect  of  accuracy  on  the  payload  require¬ 
ments  of  an  aircraft  tasked  to  kill  a 
point  target  is  shown  in  Figure  D-2.  It 
Is  clear  that  these  "smart"  weapons,  which 
have  reported  CEP  capabilities  of  less  than 
15  feet,  can  be  traded  for  aircraft  size. 
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WEAPON  AERODYNAMIC  RANGES  The  need  for  standoff  weapons  against 
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Figure  D-4  Choice  of  Gun  Caliber  for  LWA  is  Tradable  d-4  indicate  that  the  lethality  of  the 

smaller  caliber  guns  is  not  significantly  different  from  that  of  higher  calibers 
against  soft  targets.  Also,  the  higher  caliber  guns  require  better  than  state-of- 
the  art  aiming  accuracy  for  realistic  attacks  against  defended  hard  targets. 

D. 1.1. 1.2  Air- to-Air 

The  basic  LWA  air-to-air  armament  complement  is  considered  in  the  context  of 
self-defense.  The  primary  weapon  is  an  IR  homing  AIM-9  or  AIM-84  class  missile. 

The  gun  discussed  above  also  serves  as  an  air-to-air  weapon. 

Radar  homing  air-to-air  missiles  such  as  the  AIM-7  or  AIM-47  are  compatible 
with  the  LWA  carriage  concept,  but  supporting  avionics  are  not  included  in  the 
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basic  system.  However,  in  keeping  with  the  objective  of  multipurpose  use,  the 
LWA  attack  radar  includes  a  growth  mode  to  accommodate  air-superiority  missions. 

D. 1.1. 1.3  Stores  Carriage 

In  consonance  with  the  LWA  design  objective  of  maximum  flexibility  to  meet 
future  missions  and  threats,  an  internal  bay  suitable  for  carriage  of  weapons, 
avionics,  and/or  fuel  is  incorporated  as  an  integral  part  of  the  LWA  configuration 
(Figure  -5).  Additional  weapon  carriage  is  provided  at  pseudo-conformal  locations 

beneath  the  fuselage  and  externally  at 
wing  pylon  stations.  The  basic  air-to-air 
missiles  are  wing-tip-mounted  which  re¬ 
sults  in  minimum  impact  on  the  air-to- 
ground  stores  options. 

The  LWA  configuration  approach 
incorporates  a  fuselage-mounted  M-61 
20mm  gun  as  a  part  of  the  basic  aircraft. 
The  internal  bay  can  be  missionized  to 
carry  a  GAU-8  or  similar  type  30mm  gun  if 
such  a  weapon  proves  desirable. 

D. 1.1. 1.3.1  Internal  Carriage  Rationale.  Tradeoff  studies  of  internal  versus 
conformal  versus  external  stores  carriage  have  been  conducted  in  the  past,  and  the 
results  have  not  consistently  shown  large  advantages  for  any  of  the  three.  For 
example,  Convair's  ATF  studies  indicate  wide  variations  depending  on  the  mission 
and  payload  assumptions  (Figure  D-6). 

For  a  high  performance  ground  attack 
fighter,  it  seems  clear  that  either  in¬ 
ternal  or  conformal  carriage  is  desirable. 

Since  the  conformal  approach  does  not  re¬ 
sult  in  significantly  smaller  configura¬ 
tions  than  internal  carriage,  the  greater 
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•Each  Aircraft  Completely  Reopfimired  for  Same  Range  Payload  Weight  and  Maneuver  Level 
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Figure  D-5  LWA  Stores  Carriage  is  Keyed  to  Flexibility 


The  question  becomes  one  of  feasibility  of  concept,  i.e.,  is  it  possible  to 
provide  an  internal  bay  which  yields  the  desired  store  flexibility?  This  is  cer¬ 
tainly  a  valid  question  considering  experiences  with  the  internal  bays  of  other 
high  performance  fighters,  specifically  those  of  the  F-105  and  F-lll. 

It  should  be  noted  that  these  internal  bay  designs  were  not  directed  toward 
multistore  capability  but  were  intended  essentially  for  one  mission,  one  weapon. 

In  addition,  Convair  believes  that  its  experience  with  the  F-lll,  the  F-lll  inter¬ 
nal  stores  improvement  program  known  as  TART,  and  advanced  concept  studies  such 
as  ATF  and  LWA  have  provided  a  viable  multipurpose  internal  bay  concept.^- 

D.  1. 1.1.3. 2  Internal/Conformal  Carriage  Concept.  The  basic  element  of  the  LWA 
internal/conformal  carriage  concept  is  a  clip-in  platform  that  accommodates  uni¬ 
versal  clip-in  weapon  racks  and  is  amenable  to  specialized  internal  and/or  con¬ 
formal  installation  of  a  wide  variety  of 
missionized  stores.  The  LWA  configurations 
have  not  been  developed  around  a  specified 
internal  carriage  requirement;  LWA  inter¬ 
nal  capacity  has  been  determined  as  a 
function  of  overall  configuration  size 
and  shape.  The  LWA  bay  concept 
can  be  characterized  as  providing  a  2000- 
pound  internal  capacity  (Figure  D-7). 

The  clip-in  platform  is  basically  a 
saddle  structure  with  a  split  sliding 
panel  on  the  lower  surface.  The  saddle  is  designed  to  function  as  a  plenum  for 
the  distribution  of  ram  air  above  internal  stores.  Experimental  evidence  indicates 
that  this  ram  air  reduces  turbulence  during  launch.  The  air  also  effects  a 


"Design  Study  for  Internal  Carriage  and  Release  System,"  Convair  Aerospace 
Division  Report  ERR-FW-1211,  December  1971. 

^  "Supersonic  Wind  Tunnel  Investigation  of  Flow  in  Various  Bomb  Bay  Configurations," 
Cornell  Aeronautical  Laboratory  Report  GD-910-C-19,  September  1957. 


Figure  D-7  LWA  Internal /Con formal  Carriage  Concept 
is  Based  on  Flexible  Clip-in  Platform 
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slight  positive  pressure  in  the  cavity  during  flight.  Ram-air  flow  is  controlled 
by  a  pressure  sensitive  fluidic  device. 

Although  the  concept  of  a  sliding  panel  closure  and  ram-air  plenum  appears 
to  offer  advantages  in  loading  efficiency  and  improved  local  flow  for  better  wea¬ 
pon  separation,  the  concept  requires  verification.  Other  provisions  which  have 
been  suggested  for  separation  improvement  are  possible  without  materially  alter¬ 
ing  the  basic  concept. 

The  structural  legs  of  the  platform  are  shaped  to  provide  a  10-degree  fall 
angle  when  the  payload  is  composed  of  ejection-launched  munitions.  A  longitudinal 
beam  spans  the  legs  of  the  structure  and  contains  hole  patterns  for  the  installation 
of  bomb  racks.  The  racks  are  attached  to  place  the  centers  of  gravity  of  the  various 
munitions  near  the  supporting  airframe  bulkheads  to  reduce  deflections  in  the  plat¬ 
form  structure  and  minimize  the  weight  of  the  platform  structure. 

The  bottom  12  inches  of  the  platform  form  a  portion  of  the  aircraft  fuselage 
which  is  attached  to  the  fuselage  longerons  by  use  of  a  pawl  and  pin  mechanism. 

The  shoulders  of  the  platform  are  designed  to  accommodate  a  universal  launcher 
that  carries  external  shoulder-mounted  stores  tangentially.  A  split  sliding  panel 
for  cavity  closure  during  flight  is  designed  to  slide  forward  and  aft  on  balled- 
block  guides.  Brush-type  seals  are  used  along  the  sliding  panel  rails  to  permit 
ram-air  seepage  from  a  slightly  overpressured  cavity. 

An  integral  centerline  heavy  weapons  rack  provides  carriage  of  munitions 
heavier  than  1000  pounds.  The  rack  accommodates  MAU-12  or  Super  30-type  ejection 
launchers  or  elongated  single-acting  and  retractable  thrusters.  A  lightweight, 
multiposition  weapon  rack  carries  stores  weighing  1000  pounds  and  under  on  Super 
14-type  ejection  launchers  (Figure  D-8).  The  lightweight  rack  may  be  installed 
in  the  platform  in  a  make-up  area  or  preassembled  and  delivered  to  the  aircraft 
(with  platform  installed)  for  remote  installation.  The  rack  concept  allows  rapid 
reloading  or  change-out  of  payloads,  which  is  important  for  LWA  ground  loiter 
operations . 


The  clip-ln  platform  concept  also 
affords  considerable  flexibility  for  the 
installation  of  missionized  stores  con¬ 
sisting  of  weapons  and  specialized  avionic 
equipment.  Alternate  palletized  payloads 
include  semisubmerged  munitions,  gun  sys¬ 
tems,  electronic  countermeasure  trans¬ 
mitters/receivers  ,  FLIR/LLLTV/Laser 
scanning  avionics,  fuel  tanks,  and  recon¬ 
naissance  equipment  (Figure  D-9) . 

D . 1 . 1 . 2  Avi onics  Concept 

The  conceptual  approach  to  the  LWA 
avionics  is  based  on  a  modular  digital 
system  configuration  which  is  initially 
designed  to  be  easily  reconfigured  to 
provide  optional  or  growth  capabilities 


Figure  D-8  Clip-in  Platform  Accommodates  Universal  a  basic  avionics  system  (Figure  D-10) 
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Figure  0-9  Clip-in  Platform  can  be  Missionized  for  Many  Types  of  Stores 
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This  modular  growth  is  made  possible  by 
two  basic  features: 

1.  The  avionics  system  is  organized 
and  controlled  through  a  digital 
computer  complex  having  data  bus 
terminals  which  provide  the  soft¬ 
ware  interfaces  both  for  basic 
subsystems  and  for  planned  modu- 


Figure  D-10  LWA  Avionics  Approach  is  Modular  Digital 
Missionized  System 


lar  additions. 

2.  Sufficient  space,  power,  and  environmental  capacities  are  included  in 


the  basic  airplane  to  provide  for  the  anticipated  growth  configurations 


as  well  as  for  the  basic  systems. 

The  implication  of  the  LWA  avionics  approach  in  the  development  and  opera¬ 
tion  of  the  airplane  is  that  mission-peculiar  versions  of  the  avionics  system  can 
be  obtained  with  a  minimum  of  turnaround  time  and  cost.  Some  configuration  options 
might  be  available  to  the  field  commander,  whereas  others  would  be  depot  or  manu¬ 
facturer  modification  tasks. 


D.l. 1.2.1  Modular  Digital  Avionics 

The  concept  of  an  integrated  but  modular  digital  avionics  system  is  currently 
under  development,  e.g.,  the  USAF  Digital  Avionics  Information  System  (DAIS)  pro¬ 
ject.  The  objective  is  to  provide  configuration  flexibility  not  only  through  mod¬ 
ular  hardware  design  but  also  through  a  software  structure  which  will  permit  addi¬ 
tion  and  deletion  of  operational  subprograms  without  changing  the  existing  core 
program.  In  order  to  take  full  advantage  of  this  approach,  future  subsystems  will 
have  to  be  designed  to  provide  input/output  interfaces  that  are  compatible  with 
the  format  initially  selected  for  the  modular  system. 

The  data  terminals  in  the  basic  system  are  designed  so  that  when  a  subsystem 
is  not  installed  or  has  failed  self-test  the  computer  is  informed  and  initiates 
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appropriate  action.  When  the  subsystem  is  installed  and  operating  normally  or  in 
an  acceptable  degraded  mode,  data  are  transmitted  in  the  specified  standard  format. 

The  computer  arrangement  may  include,  in  addition  to  the  central  processor, 
dedicated  processors  in  each  subsystem,  each  tailored  to  the  specific  computing 
functions  of  the  subsystem  but  having  a  standard  interface  with  the  rest  of  the 
computer  complex.  Data  conversion  is  performed  within  each  subsystem.  The  central 
computer  accomplishes  the  executive  control  functions  such  as  mode  switching, 
backup  assignments,  centralized  self-testing,  timing,  and  data  bus  control,  in 
addition  to  subsystem  computations  such  as  weapon  delivery  and  satellite  naviga¬ 
tion  which  are  best  suited  to  central  computing. 

D. 1.1. 2. 2  Selected  Subsystems 

The  LWA  program  groundrules,  previous  LWA  operational  studies,  and  avionics 
system  options  have  been  duly  considered  for  the  purpose  of  defining  an  avionics 
system  for  incorporation  in  the  LWA  configuration  designs.  These  considerations 
are  discussed  in  Appendix  E,  "Avionics  Rationale,  Description,  and  Technology 
Requirements ." 

A  basic  system  weighing  482  pounds  is  defined  as  well  as  a  modular  growth 
configuration  weighing  up  to  1197  pounds.  Current  LWA  configurations  provide  for 

Table  D-l  MODULAR  AVIONICS  APPRAOCH  ALLOWS  the  ful1  growth  complement.  Table  D-l 
MINIMUM  BASIC  SYSTEM 

is  a  list  of  the  subsystems  and  associated 
weights  (described  in  detail  in  Appendix  E). 

The  internal  bay  and  modular  avionics 
approach  also  make  the  LWA  concept  ame¬ 
nable  to  configuration  for  special  pur¬ 
pose  missions  not  provided  for  by  the 
growth  system.  In  particular,  electronic 
warfare  or  reconnaissance  configurations 

•  Basic  System  Weight  -  482  lbs 

•  Total  Growth  System  Weight  - 1197  lbs  are  considered  likely  candidates. 
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D.l.2  CREW  STATION 


From  the  standpoint  of  preliminary  configuration  design,  there  are  two  crew 
station  issues  which  must  be  resolved:  (1)  crew  size  and  (2)  pilot  visibility. 

Other  questions  which  are  addressed  at  later  stages  of  configuration  develop¬ 
ment  concern  instrument  arrangement,  control  and  display  concepts,  stick  location, 
etc.  These  latter  issues  are  considered  at  this  point  only  to  ensure  adequate 
crev>  station  space  to  accommodate  any  of  the  foreseen  alternatives. 

D. 1.2.1  Crew  Size 

The  question  of  a  one-  or  two-man  fighter  is  an  old  one,  and  the  answer  is 
largely  dependent  on  the  initial  assumptions.  However,  there  are  two  points  which 
are  germane.  First,  many  past  studies  have  shown  that  fighter  life  cycle  costs 
are  lower  for  one  crew  member  than  for  two,  providing  the  pilot  can  accomplish  the 
avionics  operating  requirements  as  well  as  his  other  functions  (Figure  D-ll). 

However,  recent  Convair  ATF  studies 
show  that  the  requirements  of  a  demanding 
ground  attack  mission  in  conjunction  with 
advanced  weapon  delivery  systems  definitely 
indicate  the  need  for  two  men.  This  con¬ 
clusion  can  be  reversed  with  the  applica- 

AVIONICS  LEVEL 

Figure  D-ll  Life-Cycle  Costs  are  Generally  Lower  for  tion  of  automatic  flight  control  and 
One  Man  Crew 


WORK 

LOAD 


ELT.  CONTROL  DISPLAYS 


Figure  D-12  Demanding  A-G  Missions  Require  Advanced 
Systems  for  One  Man  Crew 


advanced  controls  ard  displays  for  weapon 
delivery  which,  in  turn,  add  new  terms  to 
the  cost  equation  (Figure  D-12). 

The  LWA  approach  is  to  assume 
a  one-man  crew  on  the  basis  of  utilizing 
advanced  technology  and  also  the  expressed 
sentiment  of  many  USAF  pilots.  At  a  later 
time,  the  several  technology  development 
programs  which  are  pertinent  to  this 
question  (e.g.,  the  USAF  Multi-Mode-Matrix 
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Electronic  Display  Instruments  for  Aircraft  (MEDIA)  Program)  should  be  assessed, 
and  cost  and  work  load  analyses  conducted  for  specific  LWA  configurations  and 
missions . 

D.l.2.2  Pilot  Visibility 

As  indicated  by  the  recent  A-X,  F-15,  and  LWF  designs,  bubble  canopies  which 
provide  the  pilot  with  360-degree  horizontal  vision  are  accepted  fighter  design 
features.  The  bubble  canopy  does  result  in  a  drag  penalty,  particularly  at  super¬ 
sonic  speed  (Figure  D-13).  Because  the  LWA  is  not  intended  to  operate  supersonically 

over  extended  periods,  the  bubble  canopy 
does  not  overly  compromise  mission  capa¬ 
bility,  and  this  configuration  feature  is 
incorporated  in  the  LWA  designs. 

Forty  degrees  is  considered  to  be 
excellent  over-the-side  vision,  and 
the  LWA  configurations  which  incorpo¬ 
rate  the  bottom-mounted  inlet  provide  40- 
degrees  at  50-degrees  aft.  For  alternate 
configurations  incorporating  side-mounted 
inlets,  aft  over-the-side  vision  is 
severely  restricted. 

Over-the-nose  visibility  for  USAF  fighters  is  usually  set  by  drag  considera¬ 
tions  which,  for  high  performance  aircraft,  limit  it  to  around  15  degrees.  For  a 
STOL  aircraft,  the  combination  of  large  approach  angle  and  high  angle  of  attack  can 
dictate  an  increased  vision  requirement,  but  probably  not  over  20  degrees.  As  the 
LWA  short  landing  conditions  become  better  defined,  the  over-the-nose  angle  can  ,  be 
increased  from  the  present  15  degrees  as  required. 
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D.1.3  PROPULSION 


D.1.3.I  Nurnbei  of  Engines 

The  question  of  one  versus  two  engines  for  a  tactical  fighter  is  also  an  old 
one,  and  the  answer  is  dependent  on  initial  assumptions  and  specifics  of  the  situa¬ 
tion.  For  example,  life  cycle  cost  comparisons  of  "paper"  engines  will  invariably 
favor  a  one  engine  approach,  but  comparisons  of  existing  engines,  which  usually  are 
quite  different  in  concept  and  development  history,  can  change  this  conclusion 
(Figure  D-14). 


•  Convair  Adv.  Fighter  Studies  (1963) 

•  P&W  Cost  Data 


Figure  0-14  Life-Cycle  Costs  tor  Similar  Engine  Favor 
One  Engine  Approach 


•  USAF  Vietnam  Experience  (1967-68) 


ENGINE  ENGINES 

Figure  D-15  Combat  Experience  does  not  Show 
Differences  in  Survivability 


An  intuitive  feeling  generally  exists 
that  single-engine  aircraft  are  more  vul¬ 
nerable  in  combat  situations;  however, 

U.S.  experience  in  SEA  has  not  borne  this 
out  (Figure  D -15)  .  Similarly,  analysis 
of  USAF  and  USN  non-combat  operations 
does  not  show  two-engine  fighters  to  be 
consistently  safer. 

The  above  is  not  intended  to  show  a 
single-engine  configuration  approach  is 
necessarily  better,  but  only  Lo  point  out 
that  neither  is  a  two-engine  approach  nec¬ 
essarily  better.  For  powered  lift  con¬ 
cepts,  a  single-engine  configuration  is 
favored.  A  single-engine  eliminates  the 
propulsion  installation  complications 
which  are  required  to  prevent  asymmetric 
lift  and  the  consequent  large  rolling 


D.1.3. 2  Engine  Cycle  moment  due  to  an  engine-one  situation. 

Because  of  the  extremely  broad  nature  of  the  LWA  mission/configuration  trade¬ 
off  studies  discussed  in  Section  D^  no  engine  cycle  variables  have  been  included 
in  the  overall  parametric  analysis.  Future  efforts  should  logically  include  an 
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examination  of  engine  cycle  tradeoffs  relating  to  specific  mission  and  configura¬ 
tion  variables.  The  general  considerations  which  resulted  in  engine  cycle  selec¬ 
tion  for  the  reference  configurations  described  in  Section  D.2  are  discussed  here. 
The  LWA  requirements  for  low  specific  fuel  consumption  during  cruise  and  for 

short  supersonic  acceleration  time  point  to  an  augmented  engine.  Generally  speak¬ 
ing,  higher  thrust- to-weight  ratios  are  obtainable  with  mixed-flow  afterburning 
turbofans  as  compared  to  separate-flow,  duct-burning  turbofans  (Figure  D-16).  On 
the  other  hand,  the  shorter  length  of  a  duct-burning  engine  can  potentially  offset 
this  weight  advantage  by  allowing  the  engine  center  of  gravity  to  be  positioned  at 
a  further-aft  airplane  station,  thereby  resulting  in  a  shorter  configuration. 


SLS  THRUST 
ENGINE  WEIGHT 


•  Dual  Rotor/Mixed  Flow/A^rburning  Turbofan 


SLS  THRUST 
FNGINE  WEIGHT 


f 


Figure  D-16  Engine  Weight  Tradeoffs  Considered  in  Evolving  LWA  Reference  Configurations 


Any  configuration  differences  resulting  from  choice  of  augmentation  concept 
are  not  first-order  at  this  point  in  the  LWA  configuration  development.  Therefore, 
the  duct-burning  engine  has  been  selected  for  the  reference  configuratijns ,  because 
the  engine  control  problems  associated  with  the  powered -lift  concepts  are  far 
easier  to  handle  with  a  separate  flow  cycle. 
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Figure  D-17  Cruise  SFC  is  One  Measure  for  LWA 
Engine  Cycle  Selection 


Specific  fuel  consumption  (SFC)  is 
one  measure  of  engine  cycle  performance 
which  can  be  considered  parametrically 
without  defining  a  specific  mission  and 
configuration.  Figure  D-17  illustrates 
the  effect  of  cycle  parameter  variations 
on  subsonic  cruise  SFC  for  an  engine  sized 
for  supersonic  acceleration.  The  cycle 
parameters  of  interest--bypass  ratio  (BPR), 
fan  pressure  ratio  (FPR),  ovex-all  pressure 
ratio  (OPR),  and  turbine  inlet  tempera¬ 
ture  (TIT) --were  varied  in  the  following 
manner. 

A  reference  cycle  was  selected  with 
a  design  TIT  of  3000°R,  a  BPR  of  1.0,  an 
FPR  of  3.0,  and  an  OPR  of  30,  all  at  a 
flight  condition  of  Mach  1.6  and  36,089 


feet  altitude.  This  engine  was  sized  for  15,000  pounds  thrust  at  that  condition, 
which  is  the  approximate  thrust  required  for  LWA  supersonic  acceleration  objectives. 
Perturbations  were  then  made  to  the  cycle  variables,  one  variable  at  a  time,  and 
each  new  engine  was  sized  at  a  thrust  of  15,000  pounds,  Mach  1.6,  and  36,089  feet 
altitude.  The  cruise  SFC  plotted  in  the  figure  was  computed  for  each  design  at  a 
thrust  level  of  6000  pounds  which  is  the  approximate  thrust  required  for  LWA  cruise 
at  Mach  0.8  and  30,000  feet  altitude. 

With  the  exception  of  TIT,  cruise  SFC  is  seen  to  improve  as  all  cycle  param¬ 
eters  are  increased.  Within  the  time  frame  of  interest,  the  maximum  feasible  fan 
pressure  ratio  is  4  and  the  maximum  overall  pressure  ratio  for  a  two-spool  engine 
is  30.  At  that  FPR  and  OPR,  the  maximum  design  BPR  is  dependei  t  on  the  design  TIT, 
because  sufficient  turbine  work  must  be  available  to  drive  the  fan.  This  results 
in  a  conflict,  since  a  high  BPR  (favorable)  requires  a  high  TIT  (unfavorable). 
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For  the  powered  life  concepts,  an  important  engine  performance  parameter  is 
the  momentum  coefficient,  c^  ,  produced  by  the  fan.  The  effect  of  engine  cycle 
parameters  on  is  shown  in  Figure  D-18.  The  important  point  to  note  is  that  the 

variations  which  increase  c ^  also  decrease 
SFC,  and  no  particular  conflict  between 
these  two  parameters  is  to  be  expected. 

The  engine  cycles  which  are  chosen 
for  the  reference  configurations  are 
based  on  (1)  the  general  considerations 
above,  (2)  considerations  of  unique 
requirements  of  the  powered  lift  concepts, 
and  (3)  results  from  similar  programs 
relating  to  engine  cycle,  mission,  and 
configuration  tradeoffs.  More  specific 
analysis  will  be  appropriate  in  the  next 
phase  of  LWA  configuration  development; 
however,  engine  availability  and  cost 
could  ultimately  have  much  to  do  with 
engine  selection. 

D.  1 . 3 . 3  Inlet 

The  non-configuration-sensitive  inlet  characteristic  which  must  be  determined 
at  this  time  is  inlet  type.  For  the  maximum  Mach  number  of  1.6  appearing  in  the 
LWA  parametric  mission  requirements,  a  normal  shock  inlet  is  preferred  to  an  inlet 
with  an  external-compression  surface,  either  fixed  or  variable. 

A  fixed  compression  surface  at  Mach  1.6  can  provide  a  7  percent  increase 
in  pressure  recovery  but  at  the  cost  of  additional  spillage  and  external  drag  due 
to  a  13  percent  larger  inlet  capture  area.  An  inlet  with  the  capability  of  varying 
compression  surface  angle  and  throat  area,  i.e.,  a  variable  geometry  inlet,  improves 
pressure  recovery  and  reduces  inlet  spillage  drag,  but  at  considerable  cost  in 
complexity  and  weight. 
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Figure  D-18  Blowing  Momentum  is  also  Consideration 
in  Cycle  Selection 


Inlet  performance  and  weight  trade  studies  for  aircraft  with  mission  and 
flight  envelopes  similar  to  those  of  the  LWA  show  that  the  normal  shock  inlet  pro¬ 
vides  the  best  compromise  in  terms  of  performance,  weight,  development  time,  cost 
of  fabrication  and  maintenance,  and  reliability  in  service. 

For  a  single-engine  aircraft,  a  bottom  inlet  location  is  considered  best  from 
the  standpoint  of  pressure  recovery  and  distortion-free  flow  at  angle  of  attack. 
Side-mounted  inlets  are  adequate  for  the  LWA  maneuver  conditions  and  are  preferred 
for  two-engine  configurations.  Choice  of  inlet  location  also  depends  on  the  stores 
carriage  concept  and  the  likelihood  of  foreign  object  damage. 

D.1.4  CONTROL  SURFACFS 
D. 1.4.1  Horizontal  Stabilizer 

The  horizontal  stabilizing  surface  selected  for  primary  LWA  consideration  is 
a  canard.  In  addition  to  utilization  of  the  variable  vortex  lift  from  a  close 
coupled  canard,  the  canard  avoids  the  potentially  serious  problems  associated  with 
the  very  high  downwash  generated  by  the  powered  lift  concepts.  Previous  experience 
shows  that  large  amounts  of  blowing  at  the  wing  trailing  edge  create  very  large 
downwash  angles  even  for  T- tailed  configurations.  Also,  with  powered  lift  creat¬ 
ing  large  nose-down  pitching  moments,  much  of  the  lift  advantage  is  lost  with  an 
aft  horizontal  tail  which  produces  large  down-loads  to  trim. 

The  canard  thus  offers  the  advantages  of  being  ahead  of  the  downwash  field 
plus  maximum  generation  of  lift  by  trimming  the  blowing  moments  with  an  up-load 
rather  than  a  down-load.  A  canard  \sed  in  conjunction  with  the  Control  Configured 
Vehicle  (CCV)  concept  of  reduced  static  stability  provides  a  combination  of  air¬ 
plane  balance  and  lift  augmentation  which  gives  optimum  trim  forces  throughout  the 
flight  spectrum  (Figure  D-19). 

Sizing  of  the  canard  has  been  established  from  canard/wing  vortex  lift 
criteria,  and  no  variations  in  size  for  balance  and  trim  have  been  exercised  at 
this  point.  Such  variations  are  a  possible  configuration  refinement  item.  Another 
factor  which  needs  to  be  considered  is  some  form  of  powered  lift  which  can  be 
applied  to  the  canard  at  low  speeds  to  enhance  STOL  trim  capabilities  where  thrust 
capability  is  high  and  dynamic  pressure  for  aerodynamic  force  generation  is  low. 
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Figure  D-19  Canard  Best  Accommodates  Both  Powered  Lift  and  CCV 


D.l.4.2  Vertical  Stabilizer 

The  application  of  CCV  and  fly-by-wire  concepts  is  carried  into  the  selection 
and  preliminary  sizing  of  the  vertical  stabilizing  surfaces.  Current  handling 
quality  specifications  call  for  minimum  levels  of  Dutch-roll  frequency  and  damping 
which  must  be  present  without  use  of  stability  augmentation.  That  is,  the  basic 
airplane,  without  any  control  motion,  must  exhibit  inherent  directional  stability 
of  significant  values. 

These  requirements  usually  establish  the  size  of  the  vertical  tail.  The 
rudder  is  then  sized  to  fulfill  the  control  power  requirements  which  are  generally 
smaller  than  the  basic  stability  requirements  and  do  not  require  use  of  the  entire 
vertical  stabilizing  surface.  Incorporation  of  the  CCV  concept  of  reduced  static 
stability  into  the  yaw  axis  offers  the  possibility  of  reducing  the  vertical  tail 
size  by  making  the  tail  all-movable  and  then  sizing  it  based  on  the  combination  of 
augmented  stability  requirements  plus  the  control  requirements  (Figure  D-20). 
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In  addition  to  an  aft  vertical  sta¬ 
bilizing  surface  mounted  on  the  top  of 
the  fuselage,  direct  sideforce  control 
studies  have  lead  to  the  incorporation 
of  "chin  fins."  These  are  small  vertical 
surfaces  located  on  the  forward,  lower 
part  of  the  fuselage. 

Figure  D-20  LWA  Vertical  Stabilizers  are  Consistent  with  1°  addition  to  their  capability  to 

CCV  and  Direct  Sideforce  Technologies 

generate  side  forces  on  the  airplane  to 

aid  in  tracking,  these  surfaces  are  attractive  as  directional  stabilizing  surfaces 
as  well.  This  is  particularly  true  for  high  angle-of-attack  conditions  where  the 
vertical  tail  generally  loses  of fectivener s  because  of  wing  and  fuselage  flow  field 
effects . 

D.1.5  THE  - ILITIES 

At  the  present  point  of  the  LWA  configuration  development  process,  the  -ilities, 
i.e.,  maintainability,  reliability,  and  survivability/vulnerability,  are  accommo¬ 
dated  through  conscious  preliminary  design  actions  which  are  based  on  previous 

design  experience.  In  the  main,  the 
design  impacts  of  the  -ilities  are  not 
apparent  un'il  a  specific  configuration 
is  developed  in  some  detail  (Figure  D-21). 

One  area  which  does  have  an  impact 
on  LWA  mission  performance  is  the  pro¬ 
vision  of  armor  and  system  redundancy 
to  reduce  vulnerability.  The  issue  is, 
of  course,  how  far  should  one  go  to  improve  survivability  at  the  cost  of  perfor¬ 
mance.  A  specific  configuration  and  an  operational  scenario  are  required  to 
analyze  this  question.  For  the  present,  no  penalties  are  assumed  for  vulnerability 


•  FOLLOW  GOOD  DESIGN  PRACTICE  AS  RELATES 
TO  PRELIMINARY  DESIGN 

•  INCUR  NO  PENALTIES  FOR  PARAMETRIC 
CONFIGURATIONS 

•  NO  ARMOR 

•  STANDARD  REDUNDANCY 

•  PERFORM  COST-BENEFIT  TRADES  AFTER 
CONFIGURATION  IS  SELECTED 


Figure  D-21  Current  LWA  Approach  to  the  -Ilities 
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•  ACCEPT  REDUCED  FREE  AIRFRAME  STABILITY 
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i.e.,  QUAD-REDUNDANT  FLY-BY-WIRE 
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D.  2  REFERENCE  CONFIGURATIONS 


In  order  to  analyze  mission/configuration  tradeoffs  as  discussed  in  the  next 
section,  it  is  necessary  to  define  reference  configurations  which  represent  the 
configuration  approaches  to  be  evaluated.  The  LWA  configurations  which  have  been 
evolved  for  this  purpose  represent  four  technologies:  (1)  conventional  materials, 
(2)  advanced  composite  materials,  (3)  vectored  thrust/supercirculation,  and  (4) 
jet  flap. 

The  conventional  c  nfigura tion  embodies  the  characteristics  discussed  in 
Section  D. 1  in  an  integrated  concept.  The  advanced  technology  approaches  are  de¬ 
rived  from  the  conventional  in  order  to  provide  a  common  basis  for  evaluating 
potential  payoffs. 

D.2.1  CONVENTIONAL  MATERIALS  -  CONFIGURATION  26B 
D.2.1.1  General  Description 

The  general  arrangement  of  the  LWA  Conventional  Materials  Reference  Configura¬ 
tion  26B  is  shown  in  Figure  D-22.  The  canard/wing  arrangement  is  consistent  with 
the  objective  of  obtaining  favorable  aerodynamic  interference;  however,  the  primary 
reason  for  the  close-coupled  canard  approach  at  this  point  is  its  compatibility 
with  the  powered-lift  concepts  to  be  derived  from  this  configuration. 

The  wing  planform  and  thickness  are  similar  to  those  of  the  Convair  YF-16, 
which  facilitates  use  of  that  data  base.  Leading  edge  flaps  are  incorporated  for 
maneuver  improvement.  The  leading  edge  flaps  and  simple  trailing  edge  flaps  pro¬ 
vide  a  high-lift  system  for  takeoff  and  landing. 

The  all-movable  canard  is  used  for  trim.  Roll  control  is  provided  by  inboard 
f laperons . 

A  forward,  fuselage-mounted  vertical  surface  for  direct  sideforce  control 
conflicts  with  the  bottom-mounted  inlet  and  associated  nose  gear  location.  The 
double  chin  fin  arrangement  provides  one  solution  to  this  problem.  The  question 
of  aerodynamic  interference  (favorable  or  unfavorable)  from  these  surfaces  affect¬ 
ing  stores  separation  requires  further  investigation. 


STRUCTURAL  DESIGN  WEIGHT  22,500  lbs 

SPAN _ 30  ft. 

LENGTH _ 50  ft.  6  in, 

HEIGHT _ 17  ft. 

WING: 

Area _ 300  sq.  ft. 

Aspect  Ratio _ 3 

Thickness  Ratio _  4% 

Leading  Edge  Sweep  40P 

OTHER  AREAS:  < 

Canard  (All-Movable) _ 47  sq.  ft. 

Aft  Vertical  Tail  (All-Movable) _ 33  sq.  ft. 

Forward  Vertical,  Each  (All -Movable) _  5  sq.  ft. 

Flaperons _ 33  sq.  fL 

Flaps _  9  sq.  ft 

ENGINE: 

SLS  Thrust _ 23.875  lbs 

By-Pass  Ratio _ 1.0 

INTERNAL  FUEL-.  .  ■ _ 7.490  lbs 


DUCT 

BURNING 

INTERNAL  BAY  ENGINE 

1 2000  LB  CAPACITY)  \ 


M-6!  GUN 


AVIONICS  BAY 


HIGH  SINK  RATE 
'  LANDING  GEAR 


Figure  D-22  LWA  Conventional  Reference  Configuration  26B 


The  duct-burning  turbofan  has  a  BPR  of  1.0,  an  OPR  of  20,  and  a  TIT  of  3100°F. 
This  engine  represents  a  cycle  which  was  shown  to  have  some  merit  for  Convair's 
ATF  designs,  and  the  availability  of  engine  performance  data  makes  its  use  expedient 
The  fixed  geometry,  normal  shock  inlet  is  displaced  from  the  fuselage  to 
avoid  ingestion  of  the  fuselage  boundary  layer.  An  extension  of  the  upper  lip  of 
the  inlet  in  the  forward  direction  forms  a  splitter  plate  between  the  boundary 
layer  and  inlet  flow  which  prevents  interaction  of  the  inlet  normal  shock  and  the 
airplane  boundary  layer  at  reduced  engine  airflows  and  supersonic  flight  speeas. 

The  inlet  lip  is  thickened  on  the  bottom  surface  and  lower  sides  to  prevent 
separation  of  the  flow  at  highangles  of  attack. 

A  high  sink  rate  landing  gear  allows  no-flare,  steep  landings  (Figure  D-23). 

The  gear  is  structurally  designed  to  USN  criteria  for  carrier  landings,  i.e.,  up 
to  22  feet  per  second  sink  rate,  and  it  easily  meets  any  foreseen  short  landing 


conditions . 
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Box 


Figure  D-24  LWA  Internal  Bay  Integrates  well  with 
Configuration 


Table  D-2  INTERNAL  BAY  IMPACT  ON  STRUCTURAL  WEIGHT 
FOR  LWA  CONFIGURATION  APPROACH 


The  tandem  wheel  concept  allows 
the  main  gear  to  be  retracted  into  the 
wing  box.  A  fuselage  location  for  the 
retracted  gear  is  not  practical  because 
of  the  internal  bay. 

D.2.1.2  Impact  of  Internal  Bay 

Integration  of  an  internal  bay 
into  a  fighter  configuration  impacts 
the  result  in  several  ways.  The  LWA 
approach  is  to  minimize  the  impact  by 
allowing  the  bay  size  to  be  influenced 
by  the  other  configuration  elements. 

Internal  bay  dimensions  are  gen¬ 
erally  determined  by  some  specific  store 
load  which  is  considered  compatible  with 
the  aircraft  concept  and  mission.  In 
this  case,  a  2000-  pound  guided,  un¬ 
powered  bomb  of  the  MWS  class  fits  this 
description  and  integrates  very  well 


with  the  single  engine  and  the  bottom  - 
mounted  inlet;  i.e.,  it  is  accommodated 
within  the  width,  depth,  and  length  set 
by  other  configuration  elements  (Figure  D-24). 

The  additional  fuselage  volume  obviously  results  in  incremental  weight  and 
aerodynamic  drag,  but  comparisons  of  carriage  concepts  on  an  equal  performance 
basis  show  little  difference  in  aircraft  gross  weight  (paragraph  D. 1. 1. 1.3. 1) . 

It  is  of  interest  from  a  basic  airframe  cost  standpoint  to  quantify  differences 
in  aircraft  structural  weights  (Table  D-2).  For  the  integration  approach  embodied 
in  Configuration  26B,  the  internal  bay  results  in  less  than  10  percent  increase  in 
structural  weight. 


COMPONENT 

WEIGHT  INCREASE 

FUSELAGE  (Geor  Vs.  Bay) 

♦6% 

WING  (No  Gear  Vs.  Gear) 

‘27% 

TOTAL  STRUCTURE 

+9% 
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D. 2.2  ADVANCED  COMPOSITE  MATERIALS  -  CONFIGURATION  26C 


The  LWA  Advanced  Composite  Materials  Reference  Configuration  26C  is  identical 
to  Configuration  26B  with  advanced  composite  materials  substituted  for  metal.  In 
regard  to  the  mission/configuration  tradeoff  studies,  the  important  difference  is 
in  the  structural  weight  variations.  Other  aspects  of  the  application  of  advanced 
composites  to  LWA  configurations  are  discussed  in  Appendix  C. 

D.2.2.1  Structural  Weight  Estimation  Method 

When  advanced  composite  materials  were  first  considered  for  use  in  aircraft 
structures,  suitable  weight  estimation  procedures  were  nonexistent.  Gross  esti¬ 
mates  were  made  by  comparing  average  values  of  strength-to-density  ratios  for 
aluminum  and  composite  components.  If  more  accuracy  was  desired,  detailed  stress 
analyses  were  performed  on  the  composite  components,  but  this  approach  was  time 
consuming.  Also,  it  did  not  adequately  account  for  nonoptimum  elements  of  the 
structural  weight. 

Convair  undertook  a  survey  in  1971  to  determine  if  sufficient  statistical 
data  were  available  from  both  advanced  composite  hardware  programs  and  detailed 
analytical  studies  to  allow  derivation  of  statistical-analytical  weight  prediction 
methods  comparable  to  those  available  for  metal  structures.^-  Although  available 
data  are  not  sufficient  to  warrant  completely  new  structural  weight  prediction  pro¬ 
cedures,  advanced  composite  weight  reduction  factors  have  been  determined  which 
can  be  applied  to  metal  weights  to  give  composite  structural  weights. 

It  is  important  to  note  that  these  weight  reduction  factors  are  not  constant 
for  all  aircraft,  but  depend  upon  configuration  concepts  and  geometry,  the  struc¬ 
tural  arrangement,  and,  most  important,  the  material  allowables  assumed  for  the 
advanced  composite  material  being  used.  (While  the  net  effect  of  composite  usage 
varies,  the  total  structural  weight  saving,  as  compared  to  conventional  aluminum 
structure,  ranges  from  20  to  32  percent.)  These  factors  are  continually  modified 
and  updated  as  the  results  of  new  studied  become  available. 

^  "Data  Summary  of  Composite  Vs.  Aluminum  Component  Weight  Comparisons,"  Convair 
Report  MRS-71-005,  23  August  1971. 
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D.2.2.2  Configuration  26C  Structural 


Table  0-3  STRUCTURAL  WEIGHT  REDUCTION  FOR 
CONFIGURATION  26C 


Weight 

Structural  component  and  system 
weights  for  Configuration  26C  are  de¬ 
termined  using  the  analytical-statisti¬ 
cal  methods  developed  by  Convair  and 
discussed  in  the  preceding  section.  The  weight  reduction  achieved  through  full 
composite  usage  is  listed  in  Table  D-3  by  component  and  for  the  total  structure. 
The  weight  estimates  used  in  the  LWA  studies  for  advanced  composite  structures 
represent  1975-1980  technology. 

D.2.3  VECTORED  THRUST/SUPERCIRCULATION  -  CONFIGURATION  27 


WEIGHT  REDUCTION  FROM 
CONFIGURATION  266 

WING 

35% 

CANARD 

20 

VERTICAL  TAIL 

24 

BODY 

36 

AIR  IND.  DUCT 

34 

TOTAL  STRUCTURE 

31% 

D.2.3.1  General  Description 

The  general  arrangement  of  LWA  Vectored  Thrust/Supercirculation  (VT/SC) 
Reference  Configuration  27  is  shown  in  Figure  D-25.  Many  characteristics  are 
identicical  to  those  of  Configuration  26B.  The  structural  weights  for  this  con¬ 
figuration  are  based  on  advanced  composite  materials  technology  as  incorporated 
in  Configuration  26C.  The  aspect  ratio  is  four  in  anticipation  of  the  effect  of 
advanced  composites  on  planform  geometry. 

The  VT/SC  concept,  potential  performance,  and  design  objectives  are  generally 
discussed  in  Appendix  B.  Subsequent  VT/SC  configuration  design  investigations 
which  led  to  Configuration  27  have  primarily  impacted  the  propulsion  system  and 
the  wing  location  and  planform. 

D.2.3. 2  Propulsion  System 

The  original  NASA  concept  of  vectoring  the  complete  engine  thrust  at  the  aft 
end  of  the  fuselage  has  been  modified  in  the  LWA  application.  In  the  LWA  approach, 
fan  air  only  is  vectored  at  an  inboard  trailing  edge  location  of  the  wing. 

D.2.3. 2.1  Engine  Description 

A  turbofan  with  a  BPR  of  1.5,  an  FPR  of  4,  an  OPR  of  30,  and  a  TIT  of  3200°R 
appears  to  provide  a  good  engine  cycle  considering  both  vectored  and  non-vectored 


125 


M-61  GUN 


-Li.  i 


AVIONICS 

BAY 


INTERNAL  BAY 
(2000  LB  CAPACITY) 
NvHIGH  SINK  RATE 
LANDING  GEAR 


Figure  D-25  LWA  Vectored  Thrust/Supercirculation  (VT/SC)  Reference  Configuration  27 


SPEED  (KNOTS) 


Figure  D-26  Configuration  27  Utilizes  Fan  Air  Only  for 
VT/SC 


thrust  performance  (Figure  D-26).  In 
order  to  duct  the  fan  air  to  the  wing 
trailing  edge  and  keep  duct  pressure 
losses  within  reason,  it  is  necessary  to 
locate  the  fan  air  exit  sufficiently 
ahead  of  the  trailing  edge  so  as  to  re¬ 
quire  only  two,  relatively  gradual,  90- 
degree  turns  of  the  air.  If  the  com¬ 
plete  engine  is  conventionally  located 
with  respect  to  the  fan,  the  resulting 
configuration  center  of  gravity  (c.g.)  is 
located  substantially  forward  of  the 
desired  point. 
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One  solution  to  this  problem,  other  than  ballast  weight,  is  to  lengthen  the 
configuration  beyond  that  required  by  other  factors;  however,  the  necessary  exten¬ 
sion  is  large  because  the  tailpipe  and  empennage  are  not  particularly  heavy.  The 
approach  for  Configuration  27  is  to  physically  separate  the  basic  engine  from  the 
fan  by  the  length  required  to  properly  locate  the  c.g. 

Conceptually,  the  separation  is  simply  implemented  by  extending  the  fan  rotor 
shaft,  but  the  mechanical  aspects  require  further  investigation.  This  approach 
does  not  overly  extend  the  configuration  length  because  the  c.g.  rapidly  moves  aft 
as  the  engine  is  moved  aft. 

Configuration  27  incorporates  both  a  wing  duct  burner  and  an  afterburner. 

The  inclusion  of  an  afterburner  in  future  configurations  is  questionable  because 
of  the  low  augmentation  available,  and  its  desirability  requires  additional  study. 

Fan  air  burning  is  required  to  accommodate  the  conflicting  requirements  of 
efficient  subsonic  cruise  and  good  supersonic  acceleration.  The  approach  here  is 
to  burn  the  air  in  the  wing  duct.  An  alternative  is  to  provide  valving  so  that 
the  fan  air  can  be  directed  into  a  concentric  engine  duct  and  burned  conventionally. 
It  is  believed  that  Wing  Duct  Burning  (WDB)  is  the  lighter  of  the  two  approaches, 
and  WDB  allows  VT/SC  operation  at  maneuver  conditions  requiring  augmented  thrust 
fwith  a  correspondingly  higher  blowing  momentum  coefficient,  Cfi) . 

D.2.3.2.2  Wing  Duct  Burning  (WDB) 

The  concept  of  diverting  burned  bypass  air  out  through  the  fuselage  wall  and 
discharging  the  air  from  a  nozzle  location  only  a  short  distance  aft  of  the  engine 
fan  is  not  new.  Bristol-Siddeley  designed  and  developed  such  a  concept  for  the 
Pegasus  engine.^  This  concept,  known  as  Plenum  Chamber  Burning  (PCB) ,  burns  by¬ 
pass  air  at  temperatures  as  high  as  2500°R  in  a  plenum  chamber  a  short  distance 
downstream  of  the  fan.  The  hot  exhaust  is  then  routed  through  a  cylindrical  duct 
to  a  vectorable  nozzle  (Figure  P-27). 

^  "Recent  Developments  in  Vectored-Thrust  Turbofans,"  Aircraft  Engineering, 

October,  1965. 
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Figure  D-27  Pegasus  Plenum  Chamber  Burning  (PCB)  is  Similar  to  LWA  Wing  Duct  Burning  (WDB) 

For  LWA  Configuration  27,  a  fan  plenum  collects  the  bypass  air  and  directs 


it  downward  to  the  bottom  of  the  nacelle,  At  the  bottom  of  the  nacelle,  the  flow 
is  turned  outboard  into  the  wing  root  and  diffused  to  the  burner  region. 


1000  1500  2000  2500 

WDB  EXHAUST  GAS  TEMPERATURE  -  °R 

Figure  D-28  WDB  Thrust  Augmentation  is  a  Strong 
Function  of  Exhaust  Temperature 


The  WDB  exhaust  temperature  is 

subject  to  tradeoff  between  thrust  aug¬ 
mentation  and  system  weight  (Figure  D-28). 
For  the  present,  WDB  exhaust  temperature 
is  2000°R.  Investigations  directed 
toward  quantification  of  temperature  trade¬ 
offs  «re  discussed  in  the  next  subsection. 

Pressure  losses  of  the  WDB  duct  are 
estimated  at  about  six  percent  of  fan 
discharge  pressure,  exclusive  of  burner 
pressure  losses.  An  additional  pressure 


loss  of  five  percent  is  estimated  for  flameholder  drag  and  burning. 


D.2.3.2.3  Vectoring  Nozzle 


In  addition  to  vectoring  thrust,  the  nozzle  for  VT/SC  concept  implementation 
must  perform  the  functions  of  a  conventional  nozzle,  i.e.,  efficiently  convert  the 


energy  delivered  by  the  engine  into  propulsive  thrust  and  control  the  mass  flow 
and  pressures  in  the  fan,  burner,  and  duct.  Certain  aerodynamic  requirements  must 
be  met  in  order  to  maintain  high  nozzle  efficiency  throughout  the  flight  envelope. 
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Both  external  and  internal  slopes  must  be  kept  to  a  minimum  to  avoid  adverse 
boattail  drag  characteristics  or  inefficient  internal  flow  expansion.  The  controll¬ 
ing  nozzle  throat  area  must  be  varied  to  compensate  for  temperature  variations 
due  to  burning  or  not  burning,  and  the  area  variation  is  critically  related  to  the 
operating  pressure  ratio  defined  by  the  local  nozzle  total  pressure  to  the  free- 
stream  static  pressure.  Since  the  operating  nozzle  pressure  ratio  varies  through¬ 
out  the  flight  envelope,  a  variable  internal  nozzle  area  distribution  is  desired. 

To  accomplish  all  of  the  above  ob¬ 
jectives  independently  necessitates  three 
separate  actuators  in  the  nozzle  mechanism. 
Since  this  in  conjunction  with  the  vec¬ 
tored  thrust  requirement  introduces  addi¬ 
tional  complexity  and  weight  into  the 
system,  the  capability  to  independently 
vary  the  nozzle  internal  expansion  area 
ratio  is  not  included  in  the  present 
studies.  The  basic  design  objectives 
which  have  been  exercised  to  identify  a  viable  nozzle  concept  are  listed  in  Table  D-4. 

Three  nozzle  concepts  have  been  investigated  fcr  Configuration  27.  A  pivoting, 
variable- throat  nozzle  box  is  attractive  because  of  its  simplicity;  however,  approach 
and  exit  slopes  are  high  (Figure  D-29).  Also,  this  concept  is  probably  not  accept¬ 
able  for  high  temperature  operation  since  air  routing  for  wall  cooling  appears  dif¬ 
ficult.  A  two- flap  variable  throat  nozzle  offets  simplicity  and  is  amenable  to  cool¬ 
ing  air  routing  but  does  provide  proper  throat  positioning  when  deflected. 

An  articulated  pivoting  nozzle  such  as  depicted  in  Figure  D-30  is  attractive 
from  the  standpoint  of  both  internal  performance  and  nozzle  base  drag.  This  nozzle 
is  limited  to  about  45  degrees  of  deflection  at  the  present  augmented-to-cold  throat 
area  ratio.  If  a  lower  WDB  temperature  is  used,  a  smaller  throat  area  ratio  results, 
and  increased  nozzle  deflections  are  allowed.  However,  a  smaller  augmented  throat 
with  the  same  45-deg’  ee  deflection  allows  a  thinner  wing  section  which  has  obvious 
advantages. 


Table  D-4  VECTORING  NOZZLE  DESIGN  OBJECTIVES 

1.  MAXIMUM  EXTERNAL  SLOPE  5  15  DEGREES 

2.  MAXIMUM  INTERNAL  SLOPES  DOWNSTREAM  OF  THE 
THROAT  <15  DEGREES 

3.  MAXIMUM  INTERNAL  SLOPE  UPSTREAM  OF  THE  THROAT 
<  45  DEGREES 

4.  OPERATING  EXIT  AREA  TO  THROAT  AREA  RATIO  FOR 
NONBURNING  OPERATION  1.5  TO  1.7 

5.  MINIMUM  EXIT  AREA  TO  THROAT  AREA  FOR  MAXIMUM 
DUCT  BURNING  1.1 

6.  ACCEPT  COOLING  AIR 

7.  FUNCTION  WITH  TWO  OR  LESS  ACTUATORS 

8.  VECTORABLE  45-65  DEGREES 

9.  MINIMUM  WEIGHT 

10.  UNIQUE  MINIMUM  AREA  THROAT  LOCATION  THROUGH¬ 
OUT  THE  VARIABLE  GEOMETRY  ENVELOPE 
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Figure  D-29  Simple  Vectoring  Nozzle  Concept  do  not  Satisfy  Aerodynamic  Requirements 


The  above  tradeoff  relating  to  selection  of  a  WDB  temperature  is  only  one  of 
several  which  have  been  identified.  The  overall  trend  is  to  increase  WDB  tempera¬ 
ture  to  raise  the  nozzle  thrust-to-weight  ratio  to  a  maximum  and  then  decrease  due 
to  thrust  losses  and  increased  nozzle  weight  (Figure  D-31). 
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generally  biased  toward  high  temperatures 
for  conventional  nozzles;  however,  the 


Figure  D-31  Nozzle  Tradeoffs  can  Effect  Selected  WDB  vectored  thrust  nozzle  involves  consid- 
Exhaust  Temperature 

erations  which  possibly  moderate  this  trend.  Similar  tradeoffs  exist  for  the  fan 
pressure  ratio,  since  it  sets  the  operating  nozzle  pressure  ratio. 

D.2.3.3  Wing  Location  and  Planform 

The  conceptually  straightforward  ap¬ 
proach  to  VT/SC  is  to  vector  the  full 
engine  thrust  at  a  normal  aft  location  of 
the  nozzle  which  is  also  coincident  with 
the  trailing  edge.  Convair  efforts  to 
evolve  an  LWA  configuration  having  this 
characteristic  as  well  as  other  desired 
configuration  characteristics  result  in 
nose-heavy  configurations  (Figure  D-32). 


Figure  D-32  Initial  VT/SC  Configuration  Severely  Limited 
Trimmable  Thrust  Vector  Angle 


This  is  not  to  say  that  a  configuration, 


which  satisfies  the  original  VT/SC  concept  and  is  suitably  balanced  from  a  normal 
trim  standpoint,  cannot  be  evolved,  because  it  can--as  testified  most  recently  by 
the  SAAB  Viggen  configuration. 

The  overriding  problem  is  one  of  trimming  the  nose-down  moment  generated  by 
VT/SC  operation  at  low  speed.  Although  the  canard  provides  a  lifting  trim  force 
as  desired,  the  canard  deflections  required  for  trimming  reasonable  thrust  angles 
and  power  settings  at  low  speed  are  still  excessive  if  the  configuration  is  con¬ 
ventionally  balanced. 

For  this  reason,  VT/SC  configurations  with  large  negative  static  margins  ap¬ 
pear  necessary.  This,  in  turn,  dictates  that  the  engine  location  be  decoupled  from 
the  wing  trailing  edge  if  such  configurations  are  to  be  realized.  The  present  ap¬ 
proach  is  to  vector  only  the  fan  air  which  is  ducted  to  the  inboard  portion  of  the 
wing  trailing  edge.  The  bulk  of  the  engine  weight  can  then  be  moved  aft  (Figure  3-12) 
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Figure  D-33  LWA  VT/SC  Configuration  Evolution  is  Keyed  to  Maximizing  Trimmable  Thrust  Vector 
The  cranked  wing  planform  of  Configuration  27  is  also  attributable  to  allevi¬ 
ating  the  trim  situation.  The  relatively  high  sweep  of  the  outboard  wing  moves 
the  wing  aerodynamic  center  (a.c.)  nearer  the  inboard  wing  trailing  edge.  For  a 
given  static  margin,  moving  the  a.c.  also  allows  the  c.g.  to  move  aft  nearer  the 
point  of  application  of  the  vectored  thrust,  and  the  thrust  vector  moment  arm  is 
significantly  reduced.  Since  the  lift  augmentation  potential  of  VT/SC  is  reduced 
by  increasing  wing  sweep,  the  inboard  wing  which  is  experiencing  the  added  cir¬ 
culation  is  only  moderately  swept,  and  the  cranked  planform  results.  The  larger 
average  sweep  and  higher  wing  thickness  ratio  of  Configuration  27  result  in  a 
critical  Mach  number  comparable  to  that  of  the  wing  planform  of  Configuration  26B. 

The  combination  of  engine/wing 
decoupling  and  wing  planform  tailoring 
provides  the  trimmable  thrust  vectors 
given  in  Figure  D-34  .  The  configura¬ 
tion  is  balanced  at  a  static  margin 
between  negative  15  and  25  percent 
of  the  mean  aerodynamic  chord.  This 
results  in  significant  trim  penalty 
during  cruise  and  other  subsonic 
non- VT/SC  operations  if  the  canard  provides  the  complete  restoring  moment. 

It  is  believed  that  an  approach  which  schedules  canard  deflection  and  thrust 
vector  angle  to  give  maximum  trimmed  lift-to-drag  (including  lift  augmentation  and 
thrust  losses  due  to  the  vectored  thrust)  as  functions  of  angles  of  attack,  alti¬ 
tude,  and  speed  will  result  in  flight  efficienies  at  non-VT/SC  operating  conditions 


Figure  D-34  Configuration  27  Controllable  Thrust  Vector 
at  Low  Speed 
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comparable  to,  at  least,  a  conventionally 
balanced  aircraft  (Figure  D-35).  A  quan¬ 
titative  evaluation  of  this  supposition  is 
greatly  dependent  on  configuration  de¬ 
tails  and  therefore  would  not  be  particu¬ 
larly  meaningful  at  the  present  stage  of 
LWA  configuration  development.  The  quan¬ 
tified  performance  of  immediate  interest 
is  for  full  VT/SC  operation,  i.e.,  for 

Figure  D-35  Proper  Scheduling  of  Thrust  Vector  and  Canard 

Deflection  can  Maximize  Efficiency  STOL  and  maneuver  augmentation. 

D.2.3.4  Performance 

The  primary  adverse  performance  impact  of  implementing  the  Configuration  27 
VT/SC  concept  is  the  effect  on  the  propulsion  system.  The  concept  affects  system 
hardware  weight  and  propulsion  efficiency,  and  the  impact  can  be  evaluated  as  a 
decrease  in  thrust-to-weight  ratio  and  an  increase  in  specific  fuel  consumption 


(SFC)  . 


Table  D-5  VT/SC  IMPLEMENTATION  INCREASES 
PROPULSION  SYSTEM  WEIGHT 


A  WEIGHT  FOR 
CONFIG.  27  VT/SC 

•  BASIC  ENGINE  WITH 
CONVENTIONAL  BURNER 

-4% 

•  PLENUM 

+2% 

•  WDB/NOZZLE 

♦  19% 

•  ENGINE  EXTENSION 

♦  10% 

•  FUSELAGE  PROTECTION 

♦7% 

•  TOTAL  PROPULSION  SYSTEM 

♦34% 

The  effect  of  mechanical  imple¬ 
mentation  is  seen  by  comparing  the 
weight  of  a  conventional  duct  burning 
turbofan  to  that  of  the  Configuration 
27  arrangement,  i.e.,  a  WDB  turbofan 
with  turbine  exhaust  burner  (Table 
D-5).  For  engines  having  the  same 
basic  size,  the  weight  of  the  VT/SC 


approach  is  increased  34  percent. 

In  addition,  a  10  percent  thrust  loss  increment  at  maximum  power  conditions 
is  attributable  to  the  duct  turning,  short  burner  space,  and  vectoring  nozzle. 

The  effect  of  the  Configuration  27  VT/SC  approach  is  then  a  33  percent  reduction 
in  engine  thrust-to-weight  ratio  and  a  10  percent  increase  in  SFC  at  maximum 
power  conditions. 
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Considering  now  VT/SC  maneuver  augmentation  performance,  Configuration  27 
has  a  c^  of  0.107  at  Mach  0.9  and  30,000  feet  altitude  with  WDB.  Lift  and  drag- 
minus-thrust  data  for  both  VT/SC  and  non-VT/SC  operation  at  this  flight  condition 
are  shown  in  Figure  D-36.  The  leading  edge  flaps  included  in  the  Configuration 

27  design  are  not  considered  in  this 
data  since  they  affect  both  modes 
similarly. 

Configuration  27  in  the  VT/SC 
mode  has  a  transonic  buffet-free  in¬ 
stantaneous  load  factor  2.15  times 
that  for  non-VT/SC  operation.  The 
effect  of  VT/SC  on  buffet  onset  lift 
coefficient  is  to  add  a  lift  increment 
to  the  corresponding  non-VT/SC  buffet 
onset  lift  coefficient.  Since  buffet 
onset  occurs  at  low  lift  coefficients 
transonically ,  the  above  comparison 
greatly  favors  VT/SC. 

At  non-transonic  speeds  (<M0.8),  the  increase  in  buffet  onset  lift 
coefficient  ranges  from  50  to  75  percent  (Figure  D-37).  Using  65  percent  as 
nominal,  a  65  percent  decrease  in  wing  area  results.  For  a  Configuration  26C 
reference,  the  weight  reduction  is  1200  pounds,  which  compares  with  the 
approximate  1200  pounds  added  to  the  propulsion  system  by  the  VT/SC  concept. 

The  non-VT/SC  mode  requires  an  additional  59  percent  of  thrust  to  equal 
the  maximum  sustained  lift  coefficient  for  VT/SC  operation.  This  translates 
to  a  weight  increase  of  about  1500  pounds  which  can  also  be  compared  to  the 
VT/SC  implementation  requirements. 

Another  comparison  can  be  made  on  the  basis  of  equal  Cx  (negative  excess 
power)  at  buffet  onset.  This  involves  both  a  wing  area  increase  and  a  thrust 


Figure  D-36  Configuration  27  Aerodynamics  for  MO.  9, 
30,000  Feet  Altitude  Maneuver  Evaluations 
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Figure  D-37  Configuration  27  Aerodynamics  for  Ground  Attack  Maneuver  Evaluations 

increase  for  the  non-VT/SC  case.  An  approximate  estimate  of  the  additional 

weight  required  is  2600  pounds  compared  to  the  1200  pounds  for  VT/SC  at  non* 
transonic  conditions. 

Equal  sustained  maneuver  comparisons  are  contingent  on  the  thrust  recovery 
assumptions  made  for  the  analysis.  Thrust  recovery  is  dependent  on  specific 
configuration  parameters,  and  the  data  shown  here  are  empirical  and  do  not 
reflect  improvements  which  are  thought  possible.  Convair's  investigations  con¬ 
cerning  this  subject  are  discussed  in  Appendix  F. 

Although  the  above  single-point  comparisons  of  VT/SC  and  non-VT/SC  operations 
are  of  interest,  the  VT/SC  concept  must  be  proved  on  the  basis  of  all  mission  re¬ 
quirements  and  through  comparisons  with  unconstrained,  nonpowered  lift  configura¬ 
tions.  For  example,  the  nonpowered  lift  performance  cited  above  reflects  the  pecu¬ 
liar  wing  geometry  which  is  required  by  VT/SC  configuration  constraints  but  which 
might  not  be  the  choice  if  such  constraints  were  not  present. 

Considering  the  landing  performance  of  Configuration  27,  previous  data  from 
Figure  D-34  indicate  a  trimmable  c^  of  1.0  at  a  vector  angle  of  45  degrees.  This 
translates  to  an  approach  speed  of  about  100  knots  at  a  12-degree  angle  of  attack 
and  a  wing  loading  of  70  pounds  per  square  foot. 
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With  the  high  sink  rate  landing 
gear  and  head-up  display,  approach  can 
be  made  at  an  angle  up  to  8  degrees 
with  a  no-flare  landing.  This  results 
in  a  landing  distance  over  a  50-foot 
obstacle  of  2500  feet  without  the  use 
of  thrust  reverse  (Figure  D-38).  Take¬ 
off  distance  is  less  than  2000  feet  over  a  50-foot  obstacle  for  wing  loadings  up 
to  100  pounds  per  square  foot. 

The  landing  distance  for  Configuration  27  is  above  the  commonly  accepted 
minimum  STOL  definition  of  1500  feet.  One  method  of  decreasing  the  landing  dis¬ 
tance  is  to  increase  the  canard  effectiveness  through  either  blowing  or  some  other 
lift  augmentation  scheme  to  provide  trim  for  larger  thrust  vector  angles  and/or 
higher  c^  .  The  disadvantages  of  this  approach  are  not  only  the  implementation 
requirements  of  the  canard  augmentation,  but  also  the  considerations  associated 
with  providing  nozzle  vectoring  angles  greater  than  45  degrees.  The  landing  dis¬ 
tance  can  be  reduced  by  about  one-third  if  thrust  reverse  is  incorporated,  but 
this  decision  also  must  be  made  in  light  of  its  effect  on  the  total  LWA  concept. 
D.2.4  JET  FLAP  -  CONFIGURATION  28 
D.2.4.1  General  Description 

The  general  arrangement  of  LWA  Jet  Flap  Reference  Configuration  28  is  shown 
in  Figure  D-39.  Many  of  its  characteristics  are  derived  from  Configuration  26B, 
and  the  use  of  advanced  composites  is  assumed.  The  wing  thickness  ratio  is  five 
percent  in  order  to  better  accommodate  the  jet  flap  air  ducting  requirements. 

The  jet  flap  precludes  incorporation  of  a  flaperon,  and  spoilers  are  included 
for  primary  roll  control.  Outboard  blown  ailerons  supplement  the  spoilers  for  low 
speed  operations.  This  results  in  something  less  than  a  full  span  jet  flap,  but 
the  ailerons  appear  necessary  for  landing  control. 


•  CONFIGURATION  27 

•  W/S  *  70  LBS/SO.  FT. 

•  NO  THRUST  REVERSE 


8°  APPROACH  NO  FLARE 
ANGLE  TOUCHDOWN 
MARGIN 


Figure  D-38  VT/SC  Allows  Reasonably  Short  Landings 
at  High  Wing  Loading 
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STRUCTURAL  DESIGN  WEIGHT 

.  22,500  lbs 

SPAN 

.  34  ft.  8  in. 

LENGTH 

.52  ft.  9  in. 

HEIGHT 

.16  ft.  5  in. 

WING  (Theoretical): 

Area 

.  300  sq.  ft. 

Aspect  Ratio  _ 

.4 

Thickness  Ratio.  _ 

.5% 

Leading  Edge  Sweep. 

.30° 

OTHER  AREAS: 

Canard  (All -Movable) 

49  sq.  ft. 

Aft  Vertical  Tail  (All-Movable) . 

FnrwarH  Vertical  Far.h  (All-Mnvahlp) 

33  sq.  ft. 

Flaperon 

10  sq.  ft 

Spoilers . 

19  sn  ft. 

ENGINE: 

SLS  Thrust 

30,500  lbs 

By-Pass  Ratio 

1.5 

Fan  Pressure  Ratio 

4 

INTERNAL  FUEL  . 

7,087  lbs 

\J 


WING  OUCT 


Si  OWN  AllfkON 

aow  SPEEOI 


FAN  All 

PUNUM  IVAIIAIIE) 


DUCT 
■  DINING 
ENGINE 


.  ■  »  kl  II 
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M-61  GUN _ sC- - - 1  ~  12000  II  CAPACITY  I 
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Figure  D-39  Jet  Flap  Reference  Configuration  28 

As  in  the  case  of  Configuration  27,  the  engine  fan  exit  must  be  located  for¬ 
ward  of  the  wing  duct  entrance  in  order  to  keep  turning  losses  reasonable.  Separa¬ 
ting  the  fan  from  the  rest  of  the  engine  results  in  the  shortest,  properly  balanced 
configuration.  Since  the  engine  weight  that  is  moved  aft  includes  the  duct  burner, 
the  separation  length  is  not  as  great  as  that  required  for  Configuration  27. 

The  basic  engine  cycle  is  identical  to  that  of  Configuration  27  with  a  higher 


HIGH  SINK  RATE 
LANDING  GEAR 


duct  burning  temperature.  Air  for  jet  flap  operation  is  diverted  from  the  fan 
duct,  or  plenum,  into  the  wing  duct. 

The  engine  BPR  of  1.5  provides  more  air  than  can  be  blown  efficiently  due  to 
the  flow  restrictions  of  a  fighter  wing  duct.  So  as  not  to  unduly  compromise  BPR, 


a  valve  arrangement  is  envisioned  for  diverting  variable  amounts  of  jet  flap  air 
(Figure  D-40).  At  sustained  maneuver  conditions  where  duct  losses  are  critical, 
less  than  one-third  of  the  available  fan  air  is  diverted  (Figure  D-41).  The  re¬ 
mainder  can  be  burned  for  thrust  augmentation  if  desired. 
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CONCENTRIC 


JET  FLAP  AIR 


SPEED  (KNOTS) 

Figure  D-41  Configuration  28  Cfx  at  Selected 
Conditions 


Figure  D-40  Amount  of  Jet  Flap  Air  is  Variable 

The  key  issue  concerning  application  of  the  jet  flap  concept  to  high  perfor¬ 
mance  aircraft  is  the  wing  duct.  The  situation  is  one  of  complex  trades  between 

(1)  fan  pressure  ratio  as  it  affects  structural  requirements  and  pressure  losses, 

(2)  wing  geometry  as  it  affects  available  duct  cross-sectional  area,  and  (3)  the 
wing  duct  structural  concept  as  it  affects  both  weight  and  pressure  losses. 

D.  2.4.2  Wing  Duct 

D. 2.4. 2.1  Design  Requirements 

The  selected  FPR  is  four  and  represents  a  favorable  trade  of  significantly 
lower  pressure  losses  for  small  structural  weight  increases.  Design  criteria  for 
pressure  and  temperature  at  various  maneuver  conditions  are  given  in  Table  D-6. 

A  first  step  to  minimize  pressure 
losses  is  to  keep  the  air  velocity  low 
in  the  duct.  A  good  rule  of  thumb  is 
a  duct  Mach  number  of  0.2  to  0.3. 

The  duct  Mach  number  for  a  fixed  FPR 
is,  of  course,  determined  by  the  mass  flow  and  the  duct  cross-sectional  area.  The 
duct  area  is  constrained  by  wing  geometry,  so,  for  a  given  configuration,  mass  flow 
rate  is  the  primary  variable  for  adjusting  duct  Mach  number.  From  a  lift  augmen- 


Table  D-6  WING  DUCT  DESIGN  CRITERIA  FOR  FPR  -  4 
FAN 


MACH  NO. 

0.4 

0.6 

0.8 

1.0 

ALTITUDE  (FT) 

S.L. 

S.L. 

20,000 

20,000 

PRESSURE  (PSIA) 

67 

74 

46 

53 

TEMPERATURE  (°R) 

878 

895 

852 

879 
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mentation  standpoint,  selecting  a  required  mass  flow  rate  is  difficult,  because 
the  situation  is  one  of  the  higher  the  c^  the  better. 

Early  in  the  LWA  powered  lift  studies,  it  was  determined  that  a  minumum  c^ 
of  around  0.02  is  required  to  provide  meaningful  lift  augmentation  at  Mach  0.9, 
30,000  feet  altitude.  Preliminary  analyses  at  that  time  also  indicated  that  this 
mass  flow  resulted  in  typical  duct  losses  small  enough  to  allow  improvements  in 
sustained  load  factor  for  the  jet  flap  over  an  unaugmented  wing.  For  these  rea¬ 
sons,  this  blowing  momentum  coefficient  is  used  as  a  gauge  for  guiding  the  duct 
conceptual  design. 


Figure  D-42  Jet  Flap  Wing  Duct  Concept  Uses  Main 
Structural  Box  as  Primary  Duct 


Figure  D-43  Low  Speed  Aileron  can  tie  Used  as  Simple 
Control  Device  or  Blown  Flaperon 


D.2.4.2.2  Duct  Concept 

A  flow  area  of  75  square  inches 
at  each  wing  duct  inlet  is  required 
to  maintain  a  Mach  0.2  flow  velocity 
for  a  -  0.02  at  Mach  0.9,  30,000 
feet  altitude.  In  order  to  achieve 
this  value  for  the  Configuration  28  wing 
geometry,  the  main  structural  box  is 
designed  as  the  duct.  This  box  ex¬ 
tends  from  the  50  to  80  percent  wing 
chord  line  as  shown  in  Figure  D-42. 

An  auxiliary  forward  torque  box 
assists  in  beaming  landing  loads  on 
the  main  box.  The  main  landing  gear 
attach  fitting  spans  the  gear  bay  and 
distributes  loads  between  the  forward 


and  main  wing  boxes. 

The  outboard  60  inches  of  the  wing  trailing  edge  are  utilized  for  a  low  speed 
aileron.  The  main  wing  box/duct  provides  air  so  that  the  aileron  can  be  blown 
whenever  the  jet  flap  is  operating  (Figure  D-43). 
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The  spoilers  are  mounted  at  mid-chord  so  as  not  to  block  air  flow  to  the  jet 


flap.  Access  to  the  spoiler  actuators  is  through  the  landing  gear  bay  for  the 
two  inboard  segments  and  through  removable  cover  plates  for  the  two  outboard  seg¬ 
ments  . 
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Figure  0-44  jet  Flap  Wing  Duct  Concept  Integrates 
Structure  and  Duct 


To  eliminate  pressure  loads  on  the 
wing  skins  and  reduce  the  magnitude  of 
differential  thermal  expansion  loads, 
the  wing  box  duct  is  formed  of  a 


series  of  stainless  steel  pressure 

membranes,  osr  pillows,  which  concentrate  the  pressure  loads  at  truss  spars  and 
ribs  (Figure  D-44).  The  wing  trailing  edge  consists  of  pressure  membranes  tied 
to  solid  ribs.  The  ribs,  spars,  and  pillows  are  stainless  steel  to  withstand  the 
high  temperatures. 

The  flow  is  down  the  main  box  and  turns  90  degrees  into  the  solid  trailing 
edge  rib  passages  and  through  the  fixed,  choked  nozzle.  The  blockage  of  flow  area 
by  each  rib  and  spar  truss  is  about  50  percent.  The  ribs  are  located  at  10-inch 
intervals  on  the  basis  of  skin  gage  requirements  as  determined  by  external  air 
loads.  Sandwich  skins  allow  wider  rib  spacing,  but  the  skin  depth  eliminates 
valuable  flow  area. 

The  resulting  wing  is  structurally  inefficient,  and  the  duct  is  not  particu¬ 
larly  efficient  due  to  the  blockage  by  internal  structure.  However,  of  the  several 
wing  duct  concepts  considered,  the  integral  structure  approach  described  above 
appears  to  be  the  only  concept  which  is  structurally  realistic,  and  it  is  con¬ 
sidered  marginal. 

D.2.4.2.3  Pressure  Loss  Estimation 

Duct  pressure  loss  is  a  key  performance  parameter  in  determining  the  lift 
augmentation  efficiency  of  the  jet  flap  concept,  but  calculation  of  pressure  losses 
in  duct  configurations  such  as  described  above  is  difficult.  The  estimation  ap¬ 
proach  taken  here  is  to  divide  the  duct  into  two  spanwise  passages  representing 
the  two  flow  areas  between  the  three  main  spars. 
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The  flow  path  of  the  air  in  each 
"passage"  is  estimated  by  assigning 
percentages  of  flow  area  in  each  pas¬ 
sage.  In  this  manner,  the  number  of 
truss  blockages  encountered  by  each 
of  the  streamtubes  of  flow  is  estimated. 
The  pressure  loss  is  obtained  by  total¬ 
ing  (1)  the  duct  wall  friction  losses 
and  (2)  the  expansion  losses  through 
each  of  the  truss  members.  Rounded  truss  edges  are  assumed.  The  pressure  loss 
versus  flow  rate  for  the  total  duct  is  then  obtained  by  summing  the  flows  through 
the  passages  for  a  given  pressure  loss  (Figure  D-45) . 

Because  the  blowing  slot  is  choked,  similar  corrected  weight  flows  occur  at 
all  flight  conditions  for  a  fixed  percentage  of  bypass  air.  For  the  reference 
condition  of  c^  -  0.02  at  MO. 9,  30,000  feet  altitude,  the  estimated  wing  duct  loss 
is  1.5  percent.  An  additional  0.5  percent  pressure  loss  at  this  condition  is  in¬ 
curred  in  the  duct  between  the  fan  and  the  wing. 


Figure  D-45  Wing  and  Fan  Ducts  Result  in 
Significant  Pressure  Losses 


Table  D-7  JET  FLAP  IMPLEMENTATION  IMPACTS 
PROPULSION  AND  WING  WEIGHTS 


A  WEIGHT  FOR 
CONFIG.  28  JET  FLAP 

•  PROPULSION 

•BASIC  ENGINE 

0 

•PLENUM  VALVING 

+  4% 

•ENGINE  EXTENSION 

+  10% 

•TOTAL  PROPULSION 

+  14% 

•  WING  STRUCTURE 

•BASIC  WING  W/FLAPERONS  (CONV.) 

OR  SPOILERS  (JET  FLAP) 

-12% 

•WING  BOX  DUCT 

+  50% 

•TRAILING  EDGE  SKINS  _  . 

+  4% 

•TOTAL  WING  STRUCTURE _ 

+  42% 

The  maneuver  performance  at  Mach  0.9, 


D.2.4.3  Performance 

The  impact  of  the  jet  flap  on  air¬ 
craft  weight  is  a  primary  concern.  The 
weight  increments  associated  with  the 
engine  and  the  wing  are  discussed  in 
the  preceding  sections.  In  Table  D-7, 
the  increments  are  presented  as  percen¬ 
tages  of  a  comparable  conventional 
component.  The  actual  weight  increase 
for  Configuration  28  is  1150  pounds. 
30,000  feet  altitude  is  shown  in  Figure 


D-46,  At  buffet  onset,  the  nonpowered  lift  case  requires  75  percent  additional  wing 
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Figure  0-46  Configuration  28  Aerodynamics  for  MO.  9, 
30,000  Feet  Altitude  Maneuver  Evaluations 
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Figure  D-47  Configuration  28  Aerodynamics  for  150KTAS, 
5000  Feet  Altitude  Maneuver  Evaluations 


mum  trimmable  lift  coefficient  exists,  at 
than  that  available  using  the  total  bypa 


area  to  achieve  an  equal  load  factor. 
Using  the  Configuration  26C  unit  wing 
weight  as  a  baseline,  this  is  about 
1400  pounds.  Sustained  load  factor 
comparisons  favor  jet  flap  operation 
for  lift  coefficients  above  buffet 
onset. 

As  speed  decreases,  instantaneous 
load  factor  comparisons  for  equal  buffet 
levels  are  not  as  favorable  for  the  jet 
flap  (Figure  D-47).  Because  of  the 
particular  Configuration  28  wing  geo¬ 
metry,  the  buffet-onset  and  maximum 
lift  coefficients  are  essentially  equal 
at  subsonic  conditions. 

As  for  Configuration  27,  the  maneuver 
comparisons  cited  above  do  not  reflect 
the  total  configuration  and  performance 
impact  of  powered  lift  concepts.  Over¬ 
all  mission  performance  must  be  con¬ 
sidered  in  comparison  to  unconstrained, 
nonpowered  lift  configurations. 

The  amount  of  fan  air  diverted 
for  landing  is  not  constrained  by  pres¬ 
sure  loss  considerations  as  it  is  for 
maneuver  performance.  However,  a  maxi- 
this  limits  the  landing  c^  to  less 
s  air.  Landing  distance  performance  of 


Configuration  28  is  estimated  to  be  2500  feet  over  a  50-foot  obstacle. 
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D.  3  MISSION/CONFIGURATION  TRADEOFFS 


One  of  the  primary  objectives  of  Convair's  LWA  studies  to  date  has  been  to 
define  design  requirements  which  are  operationally  germane  to  and  compatible  with 
the  concept  of  a  light  attack  system.  The  first  step  toward  this  goal  consists 
of  analyses  in  which  the  post-1980  time  period  is  viewed  from  the  standpoint  of 
operational  requirements  with  only  very  general  consideration  given  to  systems  and 
technology.^  The  major  points  from  these  operational  studies  are  summarized  in 
Appendix  A. 

The  second  step  in  the  requirements  definition  process  involves  evaluation 
of  the  interaction  between  mission  requirements  and  aircraft  configuration  param¬ 


eters  and  is  the  subject  of  this  section.  The  purpose  of  this  step  is  to  reduce 
the  many  requirements  to  a  compatible  set  and  to  examine  these  requirements  within 
the  framework  of  new  technologies  and  configuration  geometry  and  size  variations. 


The  hope  is  that,  with  proper  application  of  technology  and  selection  of  configu 


ration  geometry  and  size,  operational  goals  need  be  only  minimally  compromised. 
D.3.1  ANALYSIS  APPROACH 

An  understanding  of  the  approach  used  in  the  mission/configuration  tradeoff 
analysis  facilitates  an  understanding  of  the  significance  of  the  results  presented 


in  following  subsections.  The  sequential  steps  of  the  analysis  are  depicted  in 


Figure  D-48. 
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The  parametric  operational  require 


ments  reflect  only  slightly  the  configu¬ 
ration  implications.  Hence,  many  a.e 


Figure  D-48  Mission/Configuration  Tradeoff  Analysis  Steps  redundant,  and  certain  combinations  are 


unattainable  with  a  lightweight  system. 


"Post-1980  Tactical  Air  Strike  Requirements  and  Capabilities,"  Convair  Report 
MR-O-351,  August  1972.  (Confidential) 
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These  redundancies  are  f'l.imina ten  in  a  first-pass  mission/configuration 
survey,  and  a  range  of  pertinent  requirements  which  is  consistent  with  the  gross 
weigh';  objectives  is  established.  This  survey  also  provides  guidance  for  select¬ 
ing  the  numerical  range  of  interest  for  configuration  variables  such  as  wing  area, 
engine  size,  aspect  ratio,  wing  sweep,  and  thickness  ratio. 

The  mission  and  configuration  variables  established  through  the  survey  are 
quantified  by  parametric  analysis.  The  primary  effects  being  measured  are  the 
impact  of  configuration  geometry  and  size  on  mission  performance.  The  only  ad¬ 
vanced  technology  of  interest  which  has  a  completely  parametric  effect  on  these 
factors  is  advanced  composite  materials.  Parametric  analyses  are  accomplished  for 
configurations  incorporating  both  conventional  and  advanced  composite  structures. 

The  resulting  data  provide  a  meaningful  measure  of  the  potential  payoff  of  advanced 
composites  in  addition  to  serving  as  mission/configuration  tradeoff  data. 

The  magnitude  of  the  parametric  analysis  task  should  not  be  understated.  In 
fact,  it  is  only  practical  through  the  use  of  specialized,  automated  procedures. 

For  the  analyses  discussed  here,  the  primary  concern  is  to  obtain  results  which 
are  sufficiently  accurate  to  show  proper  trends  of  the  mission/configuration  trade¬ 
offs.  The  absolute  value  of  any  computed  performance  measure  is  of  eecond-order 
importance  at  this  time,  and  this  fact  is  reflected  in  the  computational  approach 
and,  subsequently,  in  the  results.  The  procedure  which  Convair  used  to  perform 
the  parametric  analyses  is  described  in  Appendix  G. 

The  powered  lift  technologies  do  not  affect  the  mission/configuration  tradeoff 
picture  as  viewed  in  this  section  in  a  completely  parametric  way  as  do  advanced  com¬ 
posites.  The  impact  of  powered  lift  can  be  inferred  from  the  unpowered  lift  para¬ 
metric  data  and  the  unique  characteristics  of  powered  lift  configurations  —  repre¬ 
sented  in  this  case  by  Configurations  27  and  28.  Other  advanced  technology  concepts 
such  as  variable  camber,  CCV,  and  advanced  transonic  airfoils  can  be  similarly 
evaluated  by  use  of  the  parametric  data  base. 

The  result  of  the  mission/configuration  tradeoff  analyses,  described  on  sub¬ 
sequent  pages,  is  to  reduce  a  very  large  number  of  alternatives  to  a  much  smaller 
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number.  One  is  cautioned  against  any  feeling  that  the  questions  concerning  require¬ 
ment  setting  and  configuration  selection  have  closed-form  solutions.  In  the  end, 
judgment  and  compromise  will  always  be  required.  The  purpose  of  this  analysis  and 
subsequent  iterations  of  a  similar,  but  finer,  nature  is  to  provide  meaningful  and 
logical  guidance  for  the  decision  process. 

D.3.2  PARAMETRIC  OPERATIONAL  REQUIREMENTS 

The  parametric  operational  requirements  as  originally  derived  and  documented 
in  the  Convair  report  on  "Post* 1980  Tactical  Air  Strike  Requirements  and  Capa¬ 
bilities"  include  maneuver,  acceleration,  and  mission  definitions  (Figure  D-49). 


•  SELF  DEFENSE  MANEUVERS 

•  GROUND  ATTACK  MANEUVERS 

•  SUBSONIC  ACCELERATION 

•  SUPERSONIC  ACCELERATION 

•  QUICK  REACTION  ATTACK 

•  PRE-PLANNED  ATTACK 

•  ESCORT/INTERCEPT 

Figure  D-49  Initial  Set  of  Parametric  Operational 
Requirements  for  LWA  is  Very  Broad 


The  high-speed  sustained-maneuver  re¬ 
quirements  correspond  to  specific  energy 
(Ps  )  points  that  are  equal  to  or  greater 
than  those  of  the  most  numerous  or  best 
threat  aircraft  currently  in  existence. 

In  keeping  with  the  guideline  objective 
of  self-defense  rather  than  complete  air- 


superiority  capability  for  the  LWA, 


Figure  D-50  Maneuver  and  Acceleration  Requirements 
Provide  Excellent  Ground  Attack  Capability 
and  Maintain  Self  Defense 


future  aircraft  threats  are  not  projected 
in  the  operations  analysis.  The  Mach- 
altitude  points  specified  here  are  ob¬ 
tained  by  using  available  data  for  the 
threats  (Figure  D-50). 

The  ground-attack  maneuver  require¬ 
ment  is  predicated  on  a  similar  A-X  de¬ 
sign  point,  i.e.,  2.2-g  sustained 
maneuver  at  150  knots,  5000  feet  alti¬ 
tude,  tropical  day  atmosphere.  Justi¬ 


fication  of  the  demanding  A-X  design  requirement  generally  takes  three  routes. 


This  capability  permits  (1)  operation  in  very  severe  weather  conditions  (nominally 


1000-foot  ceiling,  1  mile  visibility),  (2)  helicopter  escort,  and  (3)  effective 
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use  of  inexpensive  weapons  and  associated  systems  (basically  a  30mm  gun  and  un¬ 
guided,  free-fall  bombs).  None  of  the  above  arguments  has  escaped  challenge  dur¬ 
ing  the  often-controversial  A-X  history;  the  primary  concern  is  usually  expressed 
over  the  survivability  of  an  aircraft  flying  at  such  low  speeds  in  any  but  the 
most  permissive  environments. 

The  subsonic  acceleration  time  range  of  interest  is  consistent  with  a  high 
thrust-to-weight  ratio  aircraft  and  guarantees  the  propulsive  capability  for  per¬ 
forming  post-attack  survivability  maneuvers.  The  range  of  supersonic  acceleration 
times  covers  the  F-15  and  LWF  capabilities  and  is  somewhat  better  than  the  F-4  at 
the  upper  end.  It  is  shown  in  the  operations  analysis  that  a  supersonic  accelera¬ 
tion  time  between  60  and  80  seconds  is  adequate  to  outrun  threat  AIMs  assuming 
current  rear-hemisphere  detection  ranges. 

The  quick  reaction  attack  mission 
radius  as  described  in  Figure  D-51  is 
made  possible  by  the  use  of  forward 
basing  to  reduce  range  requirements. 
Forward  basing  is  made  technically  pos¬ 
sible  by  STOL  capability;  however,  the 
geopolitical  considerations  associated 
with  some  potential  operational  situa¬ 
tions  envisioned  for  the  LWA  could  pre¬ 
sent  forward  basing  difficulties.  This 
situation  is  accommodated  by  combinations  of  radius  and  loiter  time  at  the  upper 
ends  of  both  parametric  ranges,  since  loiter  time  is  directly  translatable  into 
increased  mission  radius. 

The  rationale  for  varying  cruise  speed  to  the  target  from  a  ground  alert  stand¬ 
point  is  predicated  on  the  desire  for  minimum  response  time.  Self-defense  fuel  al¬ 
lowance  considerations  are  based  on  typical  tactics,  e.g.,  (1)  supersonic  accelera¬ 
tion  and  dash  to  evade  a  ground-vectored  aircraft  threat  or  (2)  turning  maneuvers 
to  avoid  surface-to-air  missiles.  The  self-defense  fuel  allowance  ranges  of  interest 
correspond  to  one  or  more  such  maneuvers. 


QUICK  REACT  ION  ATIACK  (Typical  Close  Air  Support  Against  Short  Life  Targets) 
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Figure  D-51  Quick  Reaction  Attack  Mission  Represents 
Typical  Close  Air  Support  Role  tor  LWA 
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Combat  time  allowance  is  based  on  the  assumption  that  a  single  pass  in  a 
ground  attack  mode  nominally  requires  three  minutes.  The  range  of  interest  then 


is  one  to  three  passes. 

Payload  weight  is  relatively  light.  The  primary  rationale  for  this  is  the 
effectiveness  of  smart  bombs  and  missiles  which  result  in  "more  bang  per  pound." 
The  specific  payload  items  listed  are  given  simply  to  illustrate  the  weight  range 
of  interest. 
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The  pre-planned  attack  mission  pro¬ 
file  shown  in  Figure  D-52  consists  of 
subsonic  cruise  at  altitude  with  the 
possibility  of  dash  maneuvers  in  the 


|_rames  of  inure 5tj  possibility  of  dash  maneuvers  in  the 

_«  150  10  300  VMI. 
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_•  M  •  1.  2  to  M  ‘  1.6 


Figure  D-52  LWA  Employment  for  Interdiction/Strike  Role 
is  Basis  for  Pre-Planned  Attack  Mission 


sonic  speed  and  sea  level,  or  at  super¬ 
sonic  and  altitude.  The  mission  radius 
range  of  interest  is  based  on  a  conven¬ 
tional  tactical  situation  such  as  might 
occur  in  the  European  theater.  Other 
projected  employments  of  the  LWA  -- 


such  as  "brushfire"  conflicts  with  geopolitical  constraints  on  basing  --  could 
require  greater  mission  radii.  These  missions  generally  require  less  self-defense 
allowance  and/or  no  dash  maneuver  which  adds  substantially  to  the  basic  mission 


radius . 


Variations  of  subsonic  and  supersonic  penetration  speeds  are  of  interest, 
because  the  effectiveness  of  the  dash  maneuver  for  increasing  aircraft  survivability 
is  a  function  of  speed.  The  self-defense  fuel  allowance  includes  the  capability 


for  the  tactics  specified  for  the  quick-reaction  attack  mission  plus  the  capabili¬ 


ty  for  a  3-g  jinking  flight  profile  prior  to  weapon  delivery  to  improve  surviva 
bility. 
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Combat  time  and  payload  weight  rationale  for  the  pre-planned  attack  mission 
is  similar  to  that  for  the  quick  reaction  attack  mission.  Because  of  the  more 
specific  nature  of  the  pre-planned  attack  targets,  somewhat  lighter  payloads  are 


envisioned  for  this  mission  type. 
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Figure  D-53  Escort/ Intercept  Capability  Allows  Supplemental 
Air  Superiority  Role  for  LWA 


Escort/intercept  missions  are  de¬ 
fined  parametrically  in  Figure  D-53. 

The  mission  radius  range  of  interest 
is  consistent  with  both  point  inter¬ 
cepts  in  a  conventional  tactical  theater 
and  escort  of  the  LWA  ground-attack 
missions  discussed  above.  Subsonic 
cruise-out  speed  generally  corresponds 
to  that  of  escort  missions,  and  super¬ 
sonic  speed  is  directed  toward  that  of 
intercept  missions. 


I  RANGtS  «  (MEREST 

•  160  to  MO  N.MI 

•  OEM.  5UBS0NIC  10  M  16 

•  i  to  l  MINUTES 
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•  1700  to  5000  LBS 


Combat  fuel  allowance  for  the  escort/intercept  missions  is  set  to  allow  vary¬ 
ing  degrees  of  persistence  in  an  air-to-air  engagement.  The  payload  weights  of 
primary  interest  are  small,  because  the  LWA  is  primarily  a  visual  day  fighter  when 
employed  in  the  escort/intercept  role. 

D.3.3  MISSION/CONFIGURATION  SURVEY 

The  mission/configuration  survey  is  a  process  of  selectively  quantifying  the 
different  operational  requirements  for  various  parametric  configurations.  Conven¬ 
tional  Configuration  26  is  the  reference  configuration  for  the  survey. 

D.3.3. 1  Maneuverability  and  Acceleration 

Maneuverability  and  acceleratior.  requirements  are  the  primary  determinants 
of  wing  loading  and  thrust  loading,  respectively.  Figure  D-54  is  indicative  of  the 
wing  loading  associated  with  each  of  the  parametric  maneuver  requirements.  It  is 
clear  that  the  150  knot  condition  is  predominant. 
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Figure  D-54  Low  Speed  Maneuver  Dominates  Parametric 
Requirements  from  Aerodynamic  Standpoint 


The  specification  of  self-defense 
maneuver  requirements  based  only  on 
sustained-maneuver  capability  of  the 
threat  presents  a  problem.  The  threat 
aircraft  are  only  thrust-limited  at  the 
conditions  considered,  and  the  sustained- 
g's  are  not  indicative  of  the  threats' 
instantaneous-g  capability. 

Because  of  this  situation,  a  tran¬ 
sonic  maneuver  parametric  requirement 


range  of  2  to  4  g's  at  Mach  0.9  and  30,000  feet  altitude,  instantaneous  and  buffet- 
free,  is  added.  The  increase  in  lift  for  the  mild-to-moderate  buffet  region  ranges 
from  50  to  150  percent  at  transonic  conditions,  so  the  buffet-free  range  of  interest 


corresponds  to  an  in-buffet  range  which  generally  brackets  the  structural  limits 
of  the  LWA.  From  an  operational  requirement  standpoint,  it  is  more  realistic  to 


specify  an  in-buffet  maneuver  requirement;  however,  buffet  onset  is  easier  to  pre¬ 
dict  as  a  function  of  wing  geometry  and  therefore  is  used  in  the  parametric  analysis 


for  convenience. 


The  uncertain  justification  of  the  150-knot  requirement  indicates  that  the 
condition  should  not  be  allowed  to  drive  all  of  the  parametric  configurations; 
however,  such  is  the  case,  even  with  the  1.5-g  lower  limit.  In  order  to  effect 
a  suitable  overlap  with  the  transonic  requirement,  the  range  of  interest  at  150 
knots  is  changed  to  1  to  2  g's  maximum  usable  load  factor,  and  the  altitude  is 
lowered  to  5000  feet,  standard  atmosphere. 

Another  ground  attack  condition  which  is  operationally  justifiable  is  in¬ 
cluded  in  the  parame  ric  considerations  as  a  backup  in  the  event  the  150-knot  re¬ 
quirement  is  discarded  completely.  The  instantaneous  load  factor  range  of  in¬ 
terest  is  4  to  6  g's  at  320  knots  (Mach  0.5),  5000  feet  altitude,  and  maximum 
lift  coefficient. 
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igure  D-55 


Parametric  Analysis  Considers  More 
Compatible  and  Meaningful  Instanteous 
g  Requirements 


THRUST  LOADING  AT  24.000  LBS  GROSS  WT-LBS  THRUST/LBS  WT 


Figure  0-56  Supersonic  Acceleration  Requirements 
Provide  Adequate  Thrust  to  Generally 
Meet  Other  Engine  Sizing  Requirements 


The  three  aerodynamic  lift  require¬ 
ments  which  are  tracked  in  the  parametric 
analysis  are  illustrated  in  Figure  D-55. 
The  wing  loading  range  of  interest  is 
approximately  40  to  80  pounds  per  square 
foot. 

It  is  possible  to  concentrate 
maneuverability  considerations  on  in¬ 
stantaneous  capability,  because  the 
minimum  supersonic  acceleration  require¬ 
ment  of  80  seconds  generally  results 
in  adequate  thrust  loading  to  meet  or 
exceed  the  sustained  maneuver  require¬ 
ments.  This  is  illustrated  in  Figure 
D- 56  for  the  Mach  1.2,  25,000  feet  alti¬ 
tude  sustained-maneuver  condition 
which  requires  the  highest  thrust  load¬ 
ing  of  the  specified  sustained  maneuvers. 

It  can  also  be  seen  in  Figure  D-56 
that  a  thrust  loading  sufficient  to 
perform  an  acceleration  from  Mach  0.85 
to  Mach  1.6  in  80  seconds  or  less  is 
adequate  to  meet  the  subsonic  accelera¬ 
tion  requirement.  The  thrust- to-weight 
range  of  interest  for  the  parametric 
studies  is  from  1.0  to  1.5. 
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D . 3 . 3 . 2  Configuration  Geometry  Variables 


In  addition  to  thrust  and  wing  area  variations,  the  other  configuration  vari¬ 
ables  exercised  in  the  complete  parametric  analysis  relate  to  wing  planform  geometry, 
i.e.,  aspect  ratio,  thickness,  and  sweep.  The  effects  of  these  parameters  on  wing 
structural  weight  and  aerodynamics  result  in  the  first-order  mission/configuration 
tradeoffs  of  interest. 


•  Configuration  26  Reference 

•  Nominal  Payload,  Allowance,  Acceleration,  and  Maneuver  Requirements 

•  Constant  Gross  Weight 

•  TMR  *  Total  Mission  Radius 


Figure  D-57  Preliminary  Survey  Indicates  Wing 
Geometries  of  Interest 


Table  D-8  PARAMETERS  AND  RANGES  OF  INTEREST 

SELECTED  FOR  LWA  PARAMETRIC  ANALYSIS 


PARAMETER 

RANGE  OF 
INTEREST 

Wing  Loading  (W/S) 

40-80 

Thrust  Loading  (T/W) 

-  -  1.0-1. 5 

Aspect  Ratio  (AR! 

3-5 

Wing  Thickness  Ratio  (t/c)  . 

0.04-0.06 

Leading  Edge  Sweep  (Ale)  — 

- 20-40  Degrees 

The  conflicting  trends  of  subsonic 
mission  performance  versus  supersonic 
mission  performance  provide  a  means  of 
bracketing  the  ranges  of  interest  for 
the  three  geometry  parameters.  In 
Figure  D-57,  the  effects  of  varying 
each  parameter  from  the  Configuration 
26  reference  are  shown  for  nominal 
missions  representing  the  two  speed 
regimes. 

It  is  noted  at  this  point  that  all 
five  configuration  variables  --  wing 
loading,  thrust-to-weight,  aspect  ratio, 
thickness,  and  sweep  --  are  very  inter¬ 
related  in  their  effects  on  mission 
performance.  (This  is  evidenced  by  the 
need  for  the  complete  parametric  analysis.) 
The  data  cited  above  and  in  the  preced¬ 
ing  section  only  provide  guidance  for 
selecting  the  numerical  ranges  of 
interest  to  be  considered  in  the  com¬ 
plete  analysis  (Table  D-8). 
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D.3.3.3  Allowances  and  Payloads 


The  effects  of  the  self-defense  and  combat  allowance  variations  on  the  para¬ 
metric  analysis  results  are  manifest  in  two  forms:  (1)  partially  determining 
the  takeoff  weight/mission  radius  relationships  and  (2)  providing  emphasis  on  per¬ 
formance  at  the  conditions  where  the  allowance  is  taken;  e.g.,  the  self-defense 
fuel  allowance  which  corresponds  to  a  specified  number  of  maximum  sustained-g  turns 
tends  to  favor  the  configuration  with  maximum  sustained  turn  capability.  Simi¬ 
larly,  the  payload  variations  are  primary  determinants  of  takeoff  weight/mission 
radius  relationships. 

The  mission/configuration  survey  encompasses  a  rough  evaluation  of  the  takeoff 
weight/mission  radius  relationships  as  functions  of  allowances  and  payload.  The 
results  are  then  viewed  in  the  context  of  the  initial  guidelines  of  a  lightweight 
system.  As  shown  in  Table  D-9(  the  approach  selected  to  accommodate  the  many 
allowance  and  payload  variations  of  the  parametric  operational  requirements  within 
a  practical  computational  task  is  based  on  specific  "mission  configurations"  which 
cover  the  parametric  ranges  of  interest  with  three  discrete  points. 


Table  D-9  A  CONCEPT  OF  "MISSION  CONFIGURATIONS"  IS  USED  TO  COVER  A1L0WANCE  AND  PAY10AD  VAR.ATIONS 


1 

Typical 

Scenario 

Fuel 

Payload 

Allowances 

(Self-Defense/ 

Combat) 

Sizing 

Criteria 

Exercised 

Parametric 

Study 

T0GW 

1. 

POINT  TARGET, 

•  INTERNAL 

•  INTERNAL  2000  LBS 

•  ACCEL  TO 

•  STRUCTURAL  WT. 

•  24,000  LBS 

1 

HIGH  THREAT 

•  WING-TIP  A-A 

Ml. 6/3  MIN. 

80%  FUEL, 

JL 

MISS. 

MIL  PWR 

6g's 

_  -/) 

•  M-61  GUN 

•  SUPERSONIC 

\*/ 

ACCEL  TIME 

2. 

MULTIPLE 

•  INTERNAL 

•  INTERNAL  2000  LBS 

•  ONE  360°  MAX 

•  HIGH  SPEED 

•  25,000  LBS 

1 

TARGETS, 

•  SHOULDER  1000  LBS 

PERF  TURN 

MANEUVERS 

1 

MODERATE 

•  WING-TIP  A-A 

6.5  MIN 

•  SUBSONIC  ACCEL 

f\ 

,(  THREAT 

MISS. 

MIL  PWR 

TIME 

•  M-61  GUN 

3. 
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•  INTERNAL 

•  SHOULDER  2000  LBS 

•  NONE/10  MIN 

•  LOW  SPEED 

•  30,000  LBS 

1 

PERMISSIVE 

•  INTERNAL  BAY 

•  WING  PYLON 

MIL  PWR 

MANEUVERS 

ENVIRONMENT 

2000  LBS 

4000  LBS 

•  WING-TIP  A-A 

rvr"! 

MISS. 

•  M-61  GUN 
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The  first  tenet  of  the  mission/configuration  approach  is  tha  the  LWA  takeoff 
weight  is  determined  by  the  fuel  and  payload  loading  desired.  Structural  g-load 
limits  are  simply  varied  with  aircraft  weight.  (Convair  is  investigating  the 
possibility  of  sensing  loadings  with  strain  gauges  or  other  devices  located  at 
critical  points.  Pilot  cues  are  provided  as  any  load  reaches  a  critical  value. 

The  result  is  a  reduced  pilot  work  load  as  well  as  a  possibly  more  efficient 
structure.) 

Mission  Configuration  1  is  a  clean  configuration  with  internal  payload  and 
wing-tip  mounted  AIMs.  This  loading,  which  corresponds  to  the  lower  end  of  the 
payload  variations  of  interest,  results  in  the  highest  performance  capability  of 
the  LWA  and  therefore  is  consistent  with  employment  in  a  high  threat  environment. 

The  resulting  self-defense  allowance  is  an  acceleration  to  Mach  1.6,  which  is  the 
largest  of  the  three  mission  configuration  self-defense  allowances.  It  also  follows 
that  a  single-pass  combat  allowance  is  consistent  with  a  heavily  defended  target  as 
well  as  the  limited  payload  of  Mission  Configuration  1. 

The  structural  weight  as  calculated  for  the  parametric  analysis  is  based  on 
Mission  Configuration  1,  and  the  supersonic  acceleration  times  also  relate  to  this 
configuration.  The  takeoff  weight  for  Mission  Configuration  1  is  24,000  pounds 
which,  with  the  payload  and  allowances  assumed,  provides  mission  radii  for  the 
different  mission  types  within  the  ranges  of  interest  indicated  by  the  parametric 
operational  requirements. 

Mission  Configuration  2  provides  an  additional  1000  pounds  of  external, 
shoulder-mounted  stores,  effecting  a  medium  payload  relative  to  the  range  of  in¬ 
terest.  The  self-defense  allowance  is  one  subsonic  turn,  and  the  combat  time 
provided  is  consistent  with  the  increased  payload.  The  parametric  analysis  uses 
Mission  Configuration  2  for  calculating  self-defense  maneuverability  and  subsonic 
acceleration  capabilities. 

An  important  aspect  of  the  Mission  Configuration  2  definition  is  the  all- 
subsonic,  high  performance  allowance  and  sizing  conditions.  When  this  mission 
configuration  is  used  to  perform  an  all-subsonic  mission  profile,  the  result  is 
parametric  data  which  have  no  explicit  supersonic  characteristics. 
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Mission  Configuration  3  provides  a  2000-pound  fuel  cell  installation  in  the 
internal  bay  and  6000  pounds  of  external  stores.  This  mission  configuration  pro¬ 
vides  the  upper  end  of  the  payload  range  of  interest.  No  self-defense  allowance 
is  defined,  and  combat  time  is  increased  because  of  the  increased  payload.  Ground 
attack  maneuverability  is  measured  for  this  loading. 

When  examined  for  all-subsonic  missions,  Mission  Configuration  3  parametric 
data  provide  additional  contrasts  between  supersonic,  high-subsonic,  and  moderate- 
subsonic  aircraft  design  objectives.  It  is  noted  that  Mission  Configuration  3  is 
consistent  with  A-X  type  performance  objectives. 

The  mission  configuration  definitions  do  not  include  some  variations  in  self- 
defense  fuel  allowance  which  are  indicated  to  be  of  interest  by  the  parametric 
operational  requirements.  These  are  the  number  of  sustained-g  turns,  the  number 
of  minutes  of  jinking,  and  the  number  of  minutes  at  Mach  1.6. 

The  primary  effect  of  a  specific  number  of  sustained-g  turns  is  to  trade 
mission  radius  for  number  of  turns.  Since  this  trade  is  similar  for  all  configu¬ 
rations  within  the  range  of  interest,  variation  of  the  number  of  turns  within  the 
complete  parametric  analysis  will  have  a  negligible  effect  on  the  results.  Mission 
radius/number  of  turns  tradeoffs  will  be  quantified  after  the  mission/conf iguration 
matrix  is  reduced  by  parametric  analysis. 

A  similar  rationale  exists  for  omitting  the  jinking  maneuver  in  the  complete 
parametric  analysis.  The  length  of  time  that  a  Mach  1.6  evasive  maneuver  is  main¬ 
tained  has  minimal  impact  on  the  parametric  analysis  for  the  small  range  of  in¬ 
terest  (0-to-2  minutes).  As  it  turns  out,  the  effect  of  this  maneuver  in  an  other¬ 
wise  all-subsonic  mission  is  approximated  in  the  pre-planned  attack  mission  pro¬ 
file  which  includes  a  Mach  1.6  penetration  dash  that  can  be  easily  converted  to 
minutes  (one  minute  at  Mach  1.6  =  15  nautical  miles). 

A  final  justification  of  the  particular  mission  configuration  definitions 
is  the  fact  that,  for  the  quick  reaction  attack  mission  profile,  each  mission 
configuration  has  basically  the  same  mission  radius.  This  provides  a  normalizing 
frame  of  reference  for  the  parametric  analysis  results. 
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D.3.3.4  Mission  Profiles 

D. 3. 3. 4.1  Quick  Reaction  Attack 

For  a  fixed  configuration,  the  difference  between  optimum  subsonic  cruise 
conditions  and  optimum  loiter  conditions  is  a  function  of  engine  performance  (i.e., 
the  different  fuel  flow  rates),  and  these  differences  become  small  as  thrust-to- 


weight  reaches  the  relatively  large 
values  of  interest  for  the  LWA  (Figure 
D-58).  For  this  reason,  the  loiter 
segment  of  the  quick  reaction  attack 
mission  profile  is  not  explicitly  con¬ 
sidered.  The  assumption  is  that  mis¬ 
sion  radius  is  convertible  to  loiter 
time  in  about  the  same  proportions  for 
all  configurations  of  interest. 

In  the  above  rationale,  a  fixed 
engine  cycle  is  assumed.  Loiter/mission 


radius  tradeoffs  will  have  a  greater 


impact  on  future  parametric  analyses 
in  which  engine  cycle  variations,  par¬ 
ticularly  variations  in  bypass  ratio, 
are  considered. 

The  parametric  operational  require¬ 
ment  consideration  of  a  cruise-to-target 
condition  which  provides  faster  response 
time  to  the  target  from  a  ground  alert 

Figure  0-59  TMR'--'  for  Minimum  Time  Subsonic  Cruise  situation  does  not  sufficiently  impact 
are  not  Substantially  Different  than  for 

Optimum  Subsonic  Cruise  the  parametric  analysis  to  warrant  in¬ 

corporation  (Figure  D-59).  The  resulting  mission  profile  which  is  employed  in 
the  parametric  analysis  for  the  quick  reaction  attack  mission  is  shown  in  Figure 
D-60. 
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D.3.3.4.2  Pre-Planned  Attack 


Figure  D-60  "Optimum  S'-  sonic"  Mission  Profile  Re¬ 
presents  Quick  Reaction  Attack  and  Optimum 
Cruise  Pre-Planned  Attack  Requirements 


The  optimum  cruise  option  for  the 
pre-planned  attack  mission  is  also  satis¬ 
fied  by  the  "optimum  subsonic"  mission 
profile  shown  in  Figure  D-60.  The 
survey  mission  performance  data  show 
that  neither  the  sea  level  nor  the 
supersonic  penetration  distances  can 


be  varied  up  to  150  nautical  miles,  as  indicated  by  the  parametric  operational 
requirements,  and  remain  within  the  LWA  weight  constraints.  If  only  small  varia¬ 
tions  of  penetration  radius  are  allowed,  no  effect  on  the  mission/configuration 
tradeoffs  are  to  be  expected;  therefore,  fixed  dash  radii  are  used  for  the  para¬ 
metric  analysis. 


Figure  D-61  Sea  Level  Penetration  Speed  can  have  a 
Strong  Effect  on  Parametric  Results 


Figure  D-62  "Sea  Level  Penetration"  Mission  Profile 
Represents  Pre-Planned  Attack  Option 


The  sea  level  penetration  radius 
is  held  constant  at  50  nautical  miles. 
The  data  in  Figure  D-61  show  that 
variations  in  subsonic  sea  level  dash 
speed  within  the  range  of  interest 
significantly  affect  the  parametric 
analysis;  however,  this  trade  is  not 
considered  important  enough  to  warrant 
the  additional  calculations  -equired  for 
complete  parametric  analysis.  The  data 
in  the  figure  are  instructive  as  to  the 
mission  radius  reduction  trends  with  in¬ 
creased  penetration  speed  as  a  function 
of  the  configuration  variables.  The 
"sea  level  penetration"  mission  profile 
used  in  the  parametric  analysis  is  de¬ 
picted  in  Figure  D-62. 
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The  selected  supersonic  penetration  radius  is  35  nautical  miles.  The  pene¬ 
tration  altitude  is  held  constant  at  40,000  feet  for  the  parametric  analysis  to 
eliminate  the  requirement  to  solve  for  an  optimum  altitude  for  each  configuration. 
This  calculation  convenience  has  no  effect  on  the  parametric  trends  and  very  little 


effect  on  the  actual  numerical  results. 


Figure  D-63  Parametric  Configuration  Variations  do  not 
Significantly  Affect  TMR's  at  Different 
Supersonic  Penetration  Speeds 


Figure  D-64  "Supersonic  Penetration"  Mission  Profile 
Represents  Pre-Planned  Attack  Option 

mission  profile  described  previously. 


Because  the  LWA  is  sized  for  a 
maximum  speed  of  Mach  1.6,  there  is 
very  little  parametric  configuration 
variation  between  penetration  speeds 
from  Mach  1.2  to  Mach  1.6  (Figure  D-63). 
The  parametric  analysis  exercises  one 
"supersonic  penetration"  mission  pro¬ 
file  with  a  dash  speed  of  Mach  1.6 
(Figure  D-64). 

D. 3. 3.4. 3  Escort/Intercept 

The  lower  end  of  the  cruise-out 
speed  range  as  specified  by  the  para¬ 
metric  operational  requirements  for  the 
escort/intercept  mission  is  optimum  sub¬ 
sonic.  This  speed  corresponds  to  that 
used  for  escort-type  missions,  and  the 
mission  profile  is  the  optimum  subsonic 
parametric  data  for  this  profile  and 


Mission  Configurations  1  and  2  correspond  directly  to  those  of  the  escort  mission 
where  the  combat  allowances  of  3  and  6.5  minutes  at  military  power  is  roughly 
equivalent  to  2+  and  5  maximum  sustained-g  turns  at  Mach  0.9,  15,000  feet  altitude, 
respectively. 

As  in  the  case  of  the  supersonic  penetration  pre-planned  attack  mission, 
there  is  little  parametric  configuration  tradeoff  between  supersonic  cruise-out 
speeds  less  than  and  equal  to  Mach  1.6,  so  only  the  Mach  1.6  case  is  considered 
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in  the  parametric  analysis.  A  combat 
fuel  allowance  for  three  maximum  sus- 
tained-g  turns  at  Mach  0.9,  15,000  feet 
altitude  is  used  in  lieu  of  the  combat 
allowance  specified  for  Mission  Con¬ 
figuration  1.  The  "supersonic  inter¬ 
cept"  mission  profile  exercised  in  the 
parametric  analysis  is  illustrated  in 
Figure  D-65). 

D.3.4  PARAMETRIC  ANALYSIS 

A  complete  parametric  analysis  is  presented  for  both  conventional  and  ad¬ 
vanced  composite  materials  in  Appendix  H.  The  application  of  the  data  obtained 
and  the  impact  of  powered  lift  technology  on  the  LWA  mission/configuration  trade¬ 
offs  are  described  below. 

Although  the  discussion  presented  here  is  somewhat  driven  by  specific  guide¬ 
lines  for  the  LWA  concept,  the  basic  data  in  Appendix  H  are  quite  general  and  can 
be  utilized  in  a  number  of  ways.  In  other  words,  one  can  set  his  own  set  of  ini¬ 
tial  goals  and  apply  the  parametric  data  to  the  resulting  problem. 

D. 3.4.1  Conventional  Materials 

The  initial  question  is  how  to  reduce  the  large  amount  of  parametric  data  to 
something  that  can  be  visualized  in  the  absence  of  specified  requirements  and  with¬ 
out  completely  arbitrary  judgements.  The  approach  described  here  is  based  on  the 
two  objectives  of  this  study:  (1)  quantification  of  mission/configuration  trade¬ 
offs  rather  than  selection  of  "optimum"  configurations  and  (2)  consideration  of 
"compromise"  requirements  and  configurations  which  yield  a  versatile  LWA  concept. 

In  the  exercise  described  here,  the  second  objective  is  assumed  and  the  first  is 
partially  accomplished. 

The  three  wing  planform  geometries  which  result  in  the  largest  mission  radii 
for  each  of  the  four  mission  profiles,  the  one  common  mission  configuration,  the 
four  wing  loadings,  and  the  five  thrust  loadings  are  extracted  from  the  data. 


•  Exercise  for  Mission  Configura.ions  1  &  1' 

•  Mission  Configuration  l1  ■  Mission  Configuration  1  w/2000 
lb  Additional  Fuel 


■«- 


-OPTIMUM  SUBSONIC  CRUISE 

- f- - 


Sf" 


ACCEL  TO 
M  16 


Y 


Ml. 6  AT  40,000  FT  CRUISE 


h 


TOTAL  MISSION  RADIUS  (TMRI 


Figure  D-65  "Supersonic  Intercept"  Mission  Profile 
Represents  Interceptor  Role  for  LWA 
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A  single  constraint  is  applied  to  all  configurations,  i.e.,  a  supersonic  accelera¬ 
tion  time  equal  to  or  less  than  80  seconds. 

The  same  geometries  appear  throughout  the  tabulation  and  some  appear  for  al¬ 
most  all  mission  profiles,  wing  loadings,  and  thrust  loadings.  It  is  concluded 
that  such  a  geometry  can  be  used  to  illustrate  wing  loading  and  thrust  loading 
tradeoffs  versus  mission  requirements. 

Table  D-10  reveals  two  cuts  through  the  tabulation  for  a  nominal  thrust  load¬ 
ing  and  a  nominal  wing  loading.  A  wing  leading  edge  sweep  of  20  degrees  appears 
almost  exclusively.  The  thickness  and  aspect  ratio  combinations  vary  according 
to  generally  predictable  trends ,  but  a  combination  of  0.05  thickness  ratio  and 
aspect  ratio  of  4  appears  for  almost  all  mission  profiles,  wing  loadings,  and 
thrust  loadings. 


Table  D-10  A  WING  PLANFORM  GEOMETRY  OF  t/c  1  0.05,  ALE  *  20°,  AND  ASPECT  RATIO  -  4  IS  A 
GOOD  GEOMETRY  FOR  TOP-LEVEL  TRADEOFF  PRESENTATIONS  RELATING  TO  CONVENTIONAL 
MATERIALS 
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•  SUPERSONIC  ACCELERATION  TIME  S  80  SEC. 
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THRUST  LOADING  8  24.000  LBS  WEIGHT  -  UNINSTALLED  THRUST  LOADING  8  24,000  LBS  WEICHT  -  UNINSTALLED 


Maneuver  performance  is  not  explicitly  considered  in  this  exercise.  The 
selected  wing  geometry  has  a  relatively  low  buffet  onset  lift  coefficient  tran- 
sonically  due  primarily  to  the  low  wing  sweep.  The  analysis  described  below  should 
be  viewed  with  this  fact  in  mind. 

Top-level  mission/configuration  tradeoffs  of  the  selected  wing  planform  geo¬ 
metry  are  illustrated  in  Figure  D-66.  Mission  Configuration  2  performance  is 
shown  for  the  ground  attack  mission  profiles  because  the  Total  Mission  Radii  (TMRs) 
for  this  configuration  are  generally  less  by  a  small  amount  than  those  for  Mission 


•  ALE  ■  20  DEGREES  «AR  ■  4 


•  t/c  ■  0.05 


•  LEADING  EDGE  FLAPS 


Figure  D-66  Conventional  Materials  Top-Level  Mission/ Configuration  Tradeoffs  Using  Representative  Wing  Geometry 
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Configurations  1  and  3.  The  supersonic  intercept  mission  profile  is  shown  for 
Mission  Configuration  1  rather  than  1’  for  the  same  reason. 

By  relating  the  parametric  TMR  and  loiter  requirements  for  the  different 
operational  mission  types  to  the  four  mission  profiles,  ranges  of  interest  for 
the  four  TMRs  shown  can  be  implied: 

•  Optimum  Subsonic  400-650  nautical  miles 

•  Sea  Level  Penetration  200-350  nautical  miles 

•  Supersonic  Penetration  200-350  nautical  miles 

•  Supersonic  Intercept  150-300  nautical  miles. 

Although  these  ranges  of  interest  are  broad,  three  points  can  be  made  concerning 

the  mission/conventional  material  configuration  tradeoffs: 

1.  It  is  possible  to  select  a  nominal  set  of  requirements  and  a  configura¬ 
tion  which  nominally  satisfy  the  subsonic  mission  types. 


2.  The  supersonic  mission  types  severely  constrain  maneuver  capability 
(wing  loading) . 

3.  A  conventional  material  configuration  selection  which  satisfies  the 
most  easily  met  maneuver  and  acceleration  requirements  provides  mar¬ 
ginal  TMRs  except  for  the  supersonic  penetration  mission  profile. 


D. 3.4.2  Composite  Materials 


Table  D-ll  contains  the  same  tv  ,  cuts  through  the  parametric  data  for  compo¬ 


site  materials  as  given  in  the  preceding  section  for  conventional  materials.  A 


leading  edge  sweep  of  20  degrees  is  again  predominate.  An  aspect  ratio  of  5  in 


conjunction  with  a  thickness  rntio  of  0.05  is  most  evident  for  all  but  the  super¬ 
sonic  intercept  mission  profile.  Inspection  of  the  complete  data  shows  that  the 
supersonic  intercept  TMR  for  this  geometry  is  within  10  percent  of  the  third  high¬ 
est  TMR  in  all  cases  except  for  combinations  of  very  low  wing  loading  and  very 
high  thrust  loading. 
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Table  0-11  A  t/c  ■  0.05,  ALE 1  20°,  AND  ASPECT  RATIO  -  5  WING  IS  USED  FOR  ADVANCED  COMPOSITE 
MATERIALS  TRADEOFF  ILLUSTRATIONS 


•  MISSION  CONFIGURATION  I  •SUPERSONIC  ACCflERATION  TIME  <  60  SEC. 
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The  wing  geometry  of  0.05  thickness,  20-degree  sweep,  and  aspect  ratio  of  5 


is  selected  as  adequately  representative  to  show  the  top-level  tradeoffs  for  the 


wing  and  thrust  loadings  of  interest  (Figure  D-67).  Again,  the  relatively  low 
Mach  0.9  buffet  onset  lift  coefficient  resulting  from  a  20-degree  wing  sweep  is  noted. 


There  are  six  points  to  be  made  concerning  the  effects  of  advanced  composite 


materials : 

1.  At  any  given  wing  and  thrust  loading,  the  TMRs  for  the  two  subsonic 
profiles  are  roughly  double  those  of  the  conventional  material  con¬ 
figurations  . 

2.  The  effect  of  composites  on  the  supersonic  penetration  TMR  depends  on 
the  maneuver  and  acceleration  levels.  At  lower  wing  loadings,  the 
TMR  of  the  composite  configuration  is  three  or  four  times  larger  than 
that  of  the  conventional  material  configuration  with  the  same  wing 
and  thrust  loading. 

3.  The  supersonic  intercept  TMR  is  increased  by  about  50  percent  for  the 
advanced  composite  material  configurations. 
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THRUM  LOADING  •  24,000  LBS  WEIGHT  -  UNINSTAUED  THRUST  LOADING  «  24.000  LBS  WEIGHT  UNINSTALLED 


WING  LOADING  @  24,000  LBS  WEIGHT  -  LBS/SQ.  FT.  WING  LOADING  @  24,000  LBS  WEIGHT  -  LBS/SO.  FT. 


WING  LOADING  i  24,000  LBS  WEIGHT  -  LBS/SQ.  FT.  WING  LOADINC  «  24,000  LBS  WEIGHT  -  LBS/SQ.  FT. 

Figure  D-67  Advanced  Composite  Materials  Top-Level  Mission/Configuration  Tradeoffs  Using  Representative  Wing  Geometry 


4.  For  a  given  wing  sweep,  the  higher  aspect  ratio  resulting  from  application 
of  composites  provides  higher  maximum  lift  coefficients.  This  allows 
maneuver  requirements  to  be  satisfied  with  less  wing  area,  which  further 
improves  TMR  performance.  (If  wing  taper  ratio  is  held  constant,  as  done 
for  the  parametric  analysis,  effective  wing  sweep  increases  with  aspect 
ratio.  This  increases  transonic  buffet  onset  lift  coefficient;  however, 
attributing  this  apparent  benefit  to  advanced  composites  is  somewhat  arti¬ 
ficial.  ) 


5.  Unlike  the  conventional  materials  situation,  the  application  of  advanced 

composite  materials  allows  consideration  of  nominal  acceleration  and  maneuver 
levels  while  maintaining  adequate  TMRs  for  all  the  subject  mission  profiles. 


6.  The  TMRs  of  both  subsonic  mission  profiles  are  significantly  greater  than 
those  thought  likely  to  be  operationally  required.  In  other  words,  addi¬ 
tional  payload  or  self-defense  and  combat  allowance  is  available  for  these 
mission  types.  This  suggests  the  possibility  of  selecting  wing  geometry 
to  provide  better  maneuver  and/or  supersonic  mission  performance  at  the 
expense  of  subsonic  performance. 
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0 . 3 . 4 . 3  Vectored  Thrust/ Supercirculation 


As  discussed  in  Section  D.2.3,  there  are  a  number  of  constraints  on  an  LWA  con¬ 
figuration  utilizing  vectored  thrust/supercirculation.  The  40  degrees  or  so  of 
average  sweep  required  for  the  Reference  Configuration  27  limits  the  aspect  ratio 
to  less  than  5  in  order  to  avoid  pitch-up  problems. 

Parametric  data  for  advanced  composite  materials  indicate  that  an  aspect  ratio 
of  5,  40-degree  sweep  combination  results  in  poor  TMK  performance.  An  aspect  ratio 
of  4  appears  to  be  a  good  compromise  between  the  subsonic  and  supersonic  missions. 

The  VT/ SC  nozzle  requires  a  thicker  inboard  airfoil  section  than  otherwise 
desired.  The  approach  is  to  set  the  outboard  thickness  so  that  the  average  thick¬ 
ness  ratio  is  equal  to  a  given  value;  however,  there  is  a  minimum  practical  thick¬ 
ness  for  the  outboard  wing.  For  the  Configuration  27-type  configuration,  it  is 
found  that  an  average  thickness  ratio  of  0.0625  is  about  the  minimum  achievable 
value. 

Results  of  a  parametric  data  examination  of  nonpowered  lift,  advanced  com¬ 
posite  materials,  the  40-degree  sweep,  aspect  ratio  of  4  indicate  a  compromise 
thickness  ratio  between  0.05  and  0.06.  The  thickness  ratio  constraint  of  0.0625 
represents  a  penalty,  particularly  in  supersonic  performance. 

A  wing  geometry  of  0.0625  thickness  ratio,  40-degree  leading  edge  sweep,  and 
aspect  ratio  of  4  is  selected  for  illustrating  the  top-level  tradeoffs  for  VT/SC 
configurations.  The  data  in  Figure  D-68  include  the  propulsion  weight  and  fuel 
consumption  penalties  discussed  previously  for  Reference  Configuration  27. 

The  VT/SC  data  are  based  on  the  bypass  ratio  1.0  engine  cycle  used  in  the 
preceding  analyses  and  do  not  reflect  the  1.5  bypass  ratio  of  the  Reference  Con¬ 
figuration  27  engine.  Compared  to  the  reference  VT/SC  configuration,  the  parametric 
configurations  then  have  (1)  lower  drag  and  dry  weight,  (2)  different  engine  per¬ 
formance  at  different  flight  conditions,  and  (3)  less  c^  . 
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THRUST  LOADING  8  24,000  LBS  WEIGHT  -  UNINSTALLED  THRUST  LOADING  8  24,000  LBS  WEIGHT  -  UNINSTALLED 


*,\LE  ■  40  DEGREES 


•  AR  ■  4 


•  t/c  ■  0.0625  (rms) 


40  50  60  70  80  90  100 

WING  LOADING  8  24,000  LBS  WEIGHT  -  LBS/SQ,  FT. 


Figure  D-68  VT/SC  Top-Level  Mission/Configuration  Tradeoffs 


The  effects  of  the  first  two  items  are  similar  to  the  accuracy  expectations 
of  the  parametric  synthesis  procedure.  Maneuver  potential  is  indicated  using  the 
higher  c^  of  a  1.5  bypass  ratio  engine.  A  study  to  select  engine  bypass  ratio 
on  the  basis  of  tradeoffs  between  the  various  flight  conditions  is  a  possible 

step  in  the  future  development  of  the  VT/SC  concept. 

Three  points  can  be  made  concerning  VT/SC  potential: 

1.  The  weight  increase,  thrust  loss,  and  configuration  constraints  associ¬ 
ated  with  VT/SC  are  very  evident  in  TMR  reductions  for  all  mission  pro¬ 
files. 
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2.  The  possibility  of  increased  wing  loading  for  equal  maneuver  levels  is 
seen,  but  the  overall  performance  effects  do  not  clearly  offset  the 
penalties.  The  situation  is  complicated  by  the  imbalance  of  the  two 
maneuver  performance  parameters  if  wing  duct  burning  is  assumed  only 
for  the  transonic  case  as  is  done  in  Figure  D-68. 

3.  The  effects  of  the  VT/SC  penalties  are  accentuated  by  consideration  of 
mission  performance  at  fixed  takeoff  weights.  This  is  particularly 
true  for  the  subsonic  missions,  where  small  increases  in  takeoff  weight 
produce  significant  increases  in  TMR. 

D.3.4.4  Jet  Flaps 

Implementation  of  the  jet  flap  in  an  LWA  concept  requires  certain  compromises 
in  the  wing  geometry  (Appendix  B) .  The  primary  consideration  is  to  provide  ade¬ 
quate  flow  area  through  the  wing  to  allow  a  meaningful  c//  at  an  acceptable  pressure 
loss.  The  important  wing  parameters  are  thickness  and  aspect  ratio.  Flow  area 
varies  directly  with  thickness  and  inversely  with  aspect  ratio. 

The  aspect  ratio  of  5  and  the  thickness  ratio  of  0.05  combination  discussed 
previously  as  representing  the  top-level  tradeoffs  for  nonpowered  lift  and  com¬ 
posites  does  not  offer  an  acceptable  flow  area  for  jet  flaps.  An  increase  in 
thickness  ratio  favors  subsonic  TMR  performance  and  a  decrease  in  the  aspect  ratio 
increases  the  supersonic  TMRs.  Because  the  subsonic  performance  is  very  adequate, 
the  selected  compromise  geometry  has  an  aspect  ratio  of  4  and  thickness  ratio  of 
0.05. 


The  Reference  Jet  Flap  Configuration  28  has  a  wing  sweep  of  30  degrees  as 
well  as  an  aspect  ratio  of  4  and  a  thickness  ratio  of  0.05.  Although  the  para¬ 
metric  data  show  better  TMR  performance  with  a  20-degree  sweep,  the  reference 
configuration  geometry  is  reasonably  representative  and  is  used  to  illustrate 
mission/configuration  tradeoffs  in  Figure  D-69. 

The  data  include  the  engine  and  wing  weight  increments  previously  discussed 
for  jet  flap  implementation.  A  bypass  ratio  of  1.0  is  used  rather  than  the  1.5 
of  Configuration  28  for  the  reasons  discussed  previously.  Since  only  one-third 
of  the  fan  air  is  diverted  to  the  jet  flap  for  the  Configuration  28  aerodynamic 
performance  illustrations  presented  in  paragraph  D.2.4.3,  the  data  are  extrapolated 
to  the  parametric  configuration. 


166 


THRUST  LOADING  (TAWI  -  UNINSTALL! D  •  24,000  L8S  TOGW  THRUST  LOADING  ff/WI  -  UNINSTALUO  •  24.000  LBS  TOCW 


•  ALE  •  30  DEGREES  •  AR  ■  4  •  t/c  ■  0.05 


Figure  D-69  Jet  Flap  Top-Level  Mission/Configuration  Tradeoffs. 

Three  points  can  be  made  concerning  jet  flap  potential: 

1.  For  a  given  wing  loading  and  thrust  loading  within  the  ranges  of  interest, 
TMR  performance  for  the  jet  flap  is  better  than  that  for  VT/SC.  Much  of 
this  difference  is  attributable  to  the  different  wing  geometries  of  the 
two  concepts,  particularly  the  lower  sweep  and  thickness  of  the  jet  flap. 

2.  Maneuver  capability  of  Configuration  28  indicates  a  required  lower  wing 
loading  to  achieve  equal  maneuver  performance  with  Configuration  27.  Be¬ 
cause  the  primary  weight  penalty  for  the  jet  flap  is  a  direct  function  cf 
wing  area,  the  TMR  advantages  of  the  jet  flap  are  reduced  with  decreased 
wing  loading. 

3.  Jet  flap  low  speed  maneuver  improvements  do  not  result  in  TMR  performance 
that  is  competitive  with  the  advanced  composite,  unpowered  lift  configura¬ 
tion  potential.  The  buffet  onset  improvements  at  Mach  0.9  do  result  in 
competitive  TMR  comparisons. 
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D.3.5  BASELINE  MISSION/CCNFIGURATION  SELECTION  RATIONALE 

The  objective  of  the  mission/configuration  tradeoffs  is  to  select  (1)  a  base¬ 
line  set  of  mission  requirements  and  (2)  one  or  more  baseline  configurations  rep¬ 
resenting  distinct  technology  approaches.  The  parametric  analysis  shows  very 
significant  gains  for  advanced  composite  materials  over  conventional  materials, 
and  there  is  no  reason  to  further  exercise  conventional  material  designs.  The 
primary  question  with  regard  to  composites  is  "Can  the  payoffs  really  be  achieved 
at  a  practical  cost?"  The  answer  can  only  come  from  a  prototype  program  such  as 
envisioned  for  the  LWA. 

The  situation  with  regard  to  powered  lift  is  not  as  clear.  The  performance 
evaluations  described  in  the  preceding  section  indicate  better  potential  mission 
radii  for  jet  flaps  than  for  VT/SC.  However,  the  data  on  which  the  evaluations 
are  made  must  be  considered. 

The  jet  flap  wing  duct  weights  and  pressure  losses  are  admittedly  optimistic. 
The  probability  of  future  increases  in  weight  and  pressure  loss  or,  alternatively, 
wing  thickness  is  considered  high.  Either  of  these  events  has  a  leveling  effect 
on  the  performance  differences  between  jet  flaps  and  VT/SC.  On  the  other  hand, 
the  VT/SC  evaluation  data  are  not  felt  to  be  overly  optimistic  and,  in  fact,  can 
probably  be  improved  upon  as  the  concept  is  better  defined.  The  VT/SC  approach 
is  believed  to  offer  the  least  risk  and  lowest  cost  LWA  program  with  the  same 
potential  performance  payoff  as  the  full-span  jet  flap  concept. 

The  two  baseline  configurations  to  be  defined  embody  (1)  advanced  composite 
materials  and  (2)  vectored  thrust/supercirculation.  Other  technology  approaches 
such  as  variable  camber,  CCV  (unconstrained  by  powered  lift  considerations),  and 
advanced  transonic  airfoils  can  be  evaluated  as  extensions  of  the  advanced  com¬ 
posite  materials  baseline  configuration. 

The  baseline  mission  requirements  for  the  LWA  and  the  associated 
selection  rationale  are  described  below.  In  general,  the  basic  selection  rationale 
is  (1)  the  requirement  is  within  the  originally  specified  parametric  operational 
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requirements  range  of  interest  and  (2)  the  requirement  is  achievable  within  the 
LWA  guidelines  and  other  specified  requirements  as  indicated  by  the  parametric 
analysis  results. 

D.3.5.1  Payload.  Acceleration,  and  Maneuverability 

Payload  is  specified  to  provide  three  options  for  ground  attack  missions  and 
two  options  for  air  combat  missions.  Each  option  includes  two  AIM-9  type  missiles 

and  an  M-61  type  gun.  Specified  payload 
options  are  listed  in  Table  D-12.  The 
avionics  complement  for  calculating  per¬ 
formance  is  the  full  capability  system 
as  defined  in  Appendix  E. 

Supersonic  acceleration  time  is 
specified  as  70  seconds  with  the  basic 
ground  attack  payload.  Lower  accelera¬ 
tion  times  appear  to  have  little  utility 
for  defensive  purposes,  and  the  TMR  performance  penalties  are  great.  For  the  LWA 
configurations  exercised  to  date,  this  specification  generally  results  in  an  accel¬ 
eration  time  for  Alternate  Ground  Attack  Payload  1  which  is  less  than  80  seconds, 
i.e.,  the  upper  limit  of  the  parametric  operational  requirement.  A  subsonic 
acceleration  requirement  is  not  necessary  with  the  above  supersonic  requirement. 

The  self-defense  maneuver  level  specification  is  expressed  as  instantaneous 
load  factor  capability  rather  than  sustained  g's  for  reasons  discussed  in  Section 
D.3.3.1.  Both  a  buffet-free  condition  and  a  moderate-buffet  condition  are  specified 
for  the  transonic  requirement  in  order  to  circumvent  the  pitfalls  of  considering 
only  one  or  the  other.  The  moderate-buffet  condition  offers  the  better  operational 
basis  of  the  two.  ' 

The  ground-attack  maneuver  requirements  are  generally  compatible  with  the  self- 
defense  levels  as  well  as  each  other.  Acceleration  and  maneuver  requirements  are 
summarized  in  Table  D-13. 


Table  0-12  BASELINE  PAYLOAD  REQUIREMENTS  FOR  LWA 


i  MISSION 

PAYLOAD  ITEM 

GROUND  ATTACK  ! 

Basic 

2000  lbs  Expendable  Ordnance 

Alternate  1 

3000  lbs  Expendable  Ordnance 

Alternate  2 

6000  lbs  Expendable  Ordnance 

I  AIR  COMBAT  ! 

Rasic 

2  AIM -47  Type  Missiles 

Alternate  1 

None 

ALL  ! 

Self-Detense  Missiles _ 

2  AIM-9  Type 

Gun 

20MM  M-61  Type  w/500  Rds.  Ammo 

Avionics 

1200  lbs 
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Table  D- 13  ACCELERATION  AND  MANEUVER  REQUIREMENTS 

Earlier  presentations  of  the  wing 
and  thrust  Loading  parametric  data  for 
fixed  wing  geometry  form  the  basis  for 
the  acceleration  and  maneuver  requirement 
selections  above.  Now  that  these  levels 
are  set,  it  is  possible  to  examine  the 
parametric  data  in  a  way  which  provides 
better  identification  of  the  effects  of 
wing  geometry  variations  on  the  mission/ 
configuration  tradeoffs.  Inspection  of 
the  complete  parametric  data  for  advanced 
composite  materials  indicates  only  a  limited  number  of  configurations  will  meet  the 
acceleration  and  maneuver  requirements.  (The  moderate  buffet  transonic  maneuver 
condition  can  not  be  included,  because  it  is  not  a  part  of  the  parametric  analysis 
data. ) 

A  significant  point  is  the  effect  of  wing  geometry,  particularly  sweep,  on  the 
buffet-onset  lift  coefficient  and  on  the  maximum  lift  coefficient.  Tne  indication 
is  that  a  sweep  higher  than  the  20  degrees  utilized  previously  provides  better  TMR 
performance  when  the  specified  acceleration  and  maneuver  levels  are  applied. 

The  sum  of  the  various  cuts  through  the  parametric  data  is  the  basis  for  the 
general  design  ~equirements  and  mission  profiles  specified  in  Figure  D-70.  The 
performance  required  to  meet  these  requirements  within  the  LWA  guidelines  is  felt 
to  be  marginally  compatible  with  a  nonpowered  lift,  advanced  composite  materials 
configuration.  More  importantly,  the  total  capability  represented  by  these  require¬ 
ments  represents  a  superior  aircraft  which  will  fill  an  important  place  in  the 
tactical  force  picture. 


CONDITION 

LOADING 

REQUIREMENT 

•  ACCELERATION 
•  MO. 85  to  Ml. 6 
at  36.089  ft 

Ground  Attack _ 

Basic  Payload, 

60%  Fuel 

70  sec. 

•  MANEUVER 
•  MO.  9  at  30,000  ft _ 

Ground  Attack 
Alternate  Payload  1, 
60%  Fuel 

3  q's  Instantaneous 

Buffet  Free 

7  q's  Instantaneous 
Moderate 

Buffet  ( trCQ  • 

O.lOq  RMsf 

•  150  Knots  at  5000  ft  _ 

.Cround  Attack 
Alternate  Payload  2, 
60%  Fuel 

.1.75  q's  Maximum  Usable 

•M0. 5  at  10,000  ft _ 

Ground  Attack _ 

Alternate  Payload  2, 
60%  Fuel 

5.0  q's  Maximum  Usable 

70 


CLOSE  AIR  SUPPORT/BATTLEF'ELD 
INTERDICTION 

Self-Defense 


| Optimum  Subsonic s 


II.  LOW  ALTITUDE  PEf'fTRr ION 
INTERDICTION/STRIKt 
p  ,  Self-Defense 

Opt.  Subsonic  r 


1  hr  Max  ^ 
Endurance  Loiter 


Combat  at 
|/Mil  Pwr, 
*10,000  ft 


MO.  A,  See  level  - 


Combat 
at  Mil 
Pwr., 

Sea  Level 


Allowances 

Self-Defense 

Combat 

2  Max  Perf 

5  Min. 

360°  Turns 

IV.  ESCORTfCOMBAT  AIR  PATROL 


V.  SUPERSONIC  INTERCEPT 


Optimum  MO.  85 


x-C"  ..bat  at 
30,000  ft 


Ml.  6.  Opt.  Alt. 


Combat  at 
Max  Pwr, 
Cruise  Alt 


Allowances 


A-A  Payload  ISelf-Defensel  Combat 


Alternate  1  None 


Allowances 


A-A  Payload  |  Self-Defense  |  Combat 


SUPERSONIC  PENETRATION 
INTERDICTION/STRIKE 


Optimum 

Subsonic 


°  Combat  at 

Self-Defense  j  Max  Pwr, 

Ml. 6,  Opt.  Penetration 

Altitude  Altitude 


35  N.Mi. 


Allowances 

A-G  Payload 

Self-Defense 

Combat 

Basic 

2  Max  Perf 
360°  Turns 

1  Min. 

VI.  FERRY 


GENERAL  DESIGN  REQUIREMENTS 

•  Maximum  Speed  >  Ml. 6,  Altitude 

•  Internal  Fuel  Only  for  Specified 

•  Warm-up  and  Taxi  Allowance 

■  5  Min. 

a  M0. 9,  Sea  Level 

Missions 

at  0.2  T/W 

•  Structural  Limit  •  6  g's,  80%  Fuel, 

•  Weapon  Carriage  and  Release 

•  Takeoff  Allowance  ■  Accelerate  to  Climb 

Mission  Ml  Loading 

Compatibility  Throughout  Envelope 

Speed 

at  Max 

•  q- Limit  ■  Ml. 2,  Sea  Level 

•  Alternate  1  }  BoUl  A"®  and  A*  Payloads 

•  Landing  Allowance  *  20  Min. 
Endurance 

Figure  D-70  Mission  Profile  and  Design  Requirements  for  LWA 


D.3.5.3  Advanced  Composites 

D. 3. 5. 3.1  Parametric  Configuration  Considerations 

Selection  of  the  baseline  configuration  representing  a  nonpowered  lift, 

advanced  composite  materials  approach  begins  with  inspection  of  the  parametric 
data.  The  first  point  to  note  is  that,  of  the  20  configurations  which  meet  or 
exceed  the  maneuver  and  acceleration  requirements,  those  with  maximum  wing  loading 
and  minimum  thrust  loading  provide  the  best  TMR  performance  for  all  missions. 
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Table  D- 14  PARAMETRIC  CONFIGURATIONS  WHICH  MEET 
ACCELERATION  AND  MANEUVER  REQUIREMENTS 
WITH  MAXIMUM  WING  LOADING  AND  MINIMUM 
THRUST  LOADING 


•  W 5  ■  57  «  24,000  1  aS 

•  TW  ■  1.29  UNINSTAUtO  «  24,000  1  65 


Although  none  of  these  five  configurations  are  specifically  sized  to  the 
maneuver  and  acceleration  requirements,  all  exhibit  about  the  same  low-speed 
maneuver  performance  indicating  that  the  required  wing  loadings  are  equivalent. 
Similarly,  the  acceleration  times  are  generally  equivalent  with  the  exception  of 
the  last  configuration.  The  conclusion  is  that  direct  comparisons  of  TMRs  for  the 
first  four  configurations  are  meaningful. 

The  specific  mission  profile  configuration  TMRs  shown  in  the  table  are 
selected  from  the  parametric  analysis  to  correspond  generally  to  some  of  the  base¬ 
line  mission  requirements  specified  above.  All  five  configurations  provide  TMR 
performance  in  the  neighborhood  of  the  baseline  requirements. 

The  two  30-degree  leading  edge  sweep  configurations  provide  better  TMR  per¬ 
formance  than  the  40-degree  wings,  but  at  the  expense  of  the  transonic  buffet-free 
load  factor.  The  effect  of  wing  sweep  is  particularly  evident  in  the  subsonic 

TMRs.  The  selected  characteristics  for 

Table  D-15  SELECTED  CHARACTERISTICS  FOR  ADVANCED 

COMPOSITES  BASELINE  CONFIGURATION  the  advanced  composite  materials  baseline 

configuration  are  identified  in  Table  D-15. 

It  is  noted  that  the  present  objec¬ 
tive  is  not  to  select  an  "optimum"  con¬ 
figuration  but  to  define  a  baseline  LWA 
configuration  which  can  be  a  starting 
point  for  more  detailed  design  efforts. 

The  present  objective  is  therefore  to  select  a  "near-optimum"  configuration. 


•  WING  LOADING  ■  50  POUNDS  PER  SQUARE  FOOT  AT  TRANSONIC 
COMBAT  WEIGHT 

•  THRUST  LOADING  *  1.4  SEA  LEVEL  STATIC,  UNINSTALLED  AT 
SUPERSONIC  ACCELERATION  WEIGHT 

•  WING  THICKNESS  RATIO  *  0.05 

•  WING  LEADING  EDGE  SWEEP  *  30  DEGREES 

•  WING  ASPECT  RATIO  •  4 


Vc 

1%) 

He 

(DEC) 

AR 

ACCEL 

TIME 

ISECI 

150  KfAS, 
5000  FT 

q'S 

M0. 9, 
30,000  FT 
9’* 

IMH'S  IN.  Ml.l 

OPT  SUB  / 

M.C.  2 

S  L.  PEN./ 

M.C.  2 

SUP.  PEN./ 
M.C  1 

SUP,  INI./ 
M.C  1 

0.05 

30 

4 

61 

1.74 

3.02 

836 

526 

506 

218 

0.05 

30 

5 

64 

1.78 

3.10 

861 

495 

487 

202 

0.05 

40 

4 

61 

1.72 

3.82 

656 

412 

419 

199 

0.06 

40 

3 

64 

1.75 

3.42 

675 

456 

416 

201 

0.06 

40 

4 

69 

1. 79 

3.56 

731 

469 

421 

189 

Using  the  reference  weight  of 
24,000  pounds,  it  is  found  that  the  maxi 
mum  wing  loading  is  about  60  pounds  per 
square  foot,  and  the  minimum  thrust-to- 
weight  is  about  1.3  for  all  acceptable 
wing  geometries.  There  are  five  such 
wing  geometries  (Table  D-14). 
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D.3.5.3.2  Ocher  Configuration  Considerations 


It  is  now  germane  to  reconsider  the  nonpowered  lift  reference  configuration 
approach,  Configuration  26B,  described  in  Section  A. 21.  In  particular,  the  inlet/ 
internal  bay/main  landing  gear  interrelation  is  of  interest. 

The  bottom-mounted  inlet  and  internal  bay  are  found  to  be  quite  compatible 
from  a  fuselage  lines  standpoint  (see  Figure  D-24);  however,  this  combination 
precludes  locating  the  main  landing  gear  in  the  fuselage.  The  gear  must  then  be 
located  in  the  wing  at  some  weight  penalty. 

Consideration  of  the  selected  nonpowered  lift  planform  indicates  that  a  wing- 
located  gear  is  a  marginal  fit  within  the  approximately  10  inches  of  thickness 
available.  In  view  of  the  weight  and  possible  aerodynamic  penalties,  an  alter¬ 
nate  configuration  approach  of  side-mounted  inlets  and  fuselage-located  gear  is 
possibly  best. 

Incorporation  of  the  close-coupled  canard  in  the  earlier  reference  configura¬ 
tions  is  justified  on  the  basis  of  its  advantages  for  the  powered- lift  concepts. 
The  canard  does  pose  certain  configuration  constraints,  and  its  contribution  to 
a  nonpowered  lift  configuration  are  not  firmly  established. 

If  a  conventional  horizontal  tail  is  used,  the  wing  can  be  placed  at  either 
a  high-,  low-,  or  mid-fuselage  location.  The  internal  bay  and  landing  gear  pre¬ 
clude  a  low  wing.  A  mid-wing  is  not  considered  the  best  structural  concept  for 
advanced  composite  materials,  but  a  mid-wing  is  considered  the  preferable  aero¬ 
dynamic  approach. 

The  number  of  engines  is  also  an  open  question,  because  the  unique  require¬ 
ments  of  powered  lift  are  not  a  consideration.  Availability  of  engine  candidates 
will  probably  determine  whether  one  or  two  engine  configuration  approaches  will 
be  pursued  in  future  studies.  The  advanced  composites  baseline  configuration  is 
compared  to  Reference  Configuration  26B  in  Table  D-16. 


Table  D- 16  ADVANCED  COMPOSITES  BASEL  INF  CONFIG-  D.3.5.4  Vectored  Thrust/Supercirculailon 
URATION  CHANGES  FROM  REFERENCE 

CONFIGURATIONS  26B  The  baseline  VT/SC  configuration  is 

almost  uniquely  determined  by  the  con¬ 
straints  associated  with  the  concept. 

From  a  mission  standpoint,  the  parametric 
analysis  results  indicate  the  desirability 
of  both  decreasing  the  wing  sweep  and 
reducing  the  thickness.  Some  improvement 
in  this  direction  is  possible,  but  poten¬ 
tial  changes  are  in  the  category  of  baseline  perturbations  for  future  design 
iterations . 

The  wing  planform  geometry  of  Reference  Configuration  27  is  selected  for  the 
baseline.  The  combat  wing  loading  is  80  pounds  per  square  foot  and  combat  thrust 
loading  is  1.3,  both  of  which  are  somewhat  higher  than  those  of  Configuration  27. 

The  parametric  aspects  of  the  selected  VT/SC  baseline  configuration  are  summarized 
in  Table  D-17. 

The  other  configuration  character- 

Table  D-17  SELECTED  CHARACTERISTICS  FOR  VT/SC 

BASELINE  CONFIGURATION  istics  of  the  baseline  are  similar  to 

those  of  Configuration  27.  The  engine 

afterburner  is  eliminated  which  increases 

the  basic  engine  size  and,  in  turn,  the 

amount  of  fan  air.  This  requires  a 

proportionately  larger  vectoring  nozzle 

if  the  bypass  ratio  remains  the  same. 

Future  work  with  this  configuration  should  include  consideration  of  an  existing  or 

near-term  engine;  and  bypass  ratio  will  be  determined,  or  at  least  constrained, 

by  this  consideration.  The  1.5  bypass  ratio  of  Configuration  27  is  assumed  for  the 

baseline  VT/SC  configuration. 

Preliminary  layouts  of  the  baseline  configuration  indicate  that  the  engine 
extension  incorporated  in  Configuration  27  will  not  be  required.  Elimination  of 


•  WING  LOADING  ■  80  POUNDS  PER  SQUARE  FOOT  AT  TRANSONIC 
C0M8AT  WEIGHT 

•  THRUST  LOADING  •  1.3  SEA  LEVEL  STATIC.  UNINSTALLED  AT 
SUPERSONIC  ACCELERATION  WEIGHT 

•  WING  THICKNESS  RATIO  ■  0.0625  (rms) 

•  WING  LEADING  EDGE  SWEEP  ■  30/47  DEGREES 

•  WING  ASPECT  RATIO  ■  4 


CONFIGURATION  CHANGES  REMARKS 


WING  LOADING,  THRUST  IOA0ING. 
WING  GEOMETRY 
INLET  LOCATION 

•  Bottom  to  Side 

MAIN  LANDING  GEAR  LOCATION 

•  Wing  to  Fuselage 

HORIZONTAL  STABILIZER 
•Canard  to  Conventional  Tail 

WING  LOCATION 

•  Mid  to  High 

NUMBER  OF  ENGINES 
•One  to  Either 
One  or  Two 


|  Tailored  lor  Specified  Requirements 

»  Allow  Fuselage  Location  lor 
"  Main  Landing  Gear 
a  Less  Weight.  Eliminate  Possible 
w  Adverse  Impact  on  Wing  Thickness 

»  Reduce  Configuration  Arrangement 
w  Constraints 

4  Improve  Structural  Efficiency 
*  ol  Advanced  Composites 

|  No  Powered  Lilt  Complications  of 
One-Engine-Out  Situation 
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the  engine  extension  reduces  the  VT/SC  weight  penalty  as  well  as  an  element  of 
uncertainty  associated  with  the  VT/SC  concept. 

D.3.6  SIMULATION  CONFIGURATION  SELECTION 

The  two  advanced  technology  configuration  approaches  which  offer  most  promise 
of  satisfying  the  majority  of  the  baseline  mission  requirements  with  a  25,000  pound 
class  aircraft  are  depicted  in  Figure  D-71.  The  first-order  difference  in  the  two 
configurations  is  that  the  powered  lift  concept  known  as  vectored  thrust/supercir¬ 
culation  is  incorporated  in  Configuration  29.  Other  differences  point  up  second- 
order  configuration  issues.  Further  development  of  these  configurations  will  allow 
comparisons  of  powered  lift  and  also  other  configuration  alternatives.  . 

Indications  are  that  the  powered- lift  configuration  approach  possibly  can 
meet  or  exceed  the  baseline  mission  requirements  at  a  lower  weight  than  the  Con¬ 
figuration  32  approach.  There  are  a  number  of  questions  concerning  both  configura¬ 
tions  which  must  be  addressed  with  more  in-depth  design  before  final  conclusions  are 
drawn . 

Some  of  these  questions  relate  to  potential  benefits  of  powered  lift  in  modes 
which  may  not  be  as  easily  quantified  as  "lifting  capability,"  e.g.,  the  use  of 
powered  lift  in  dive  bombing.  Man- in- the- loop  simulation  is  an  appropriate  means 
for  evaluating  some  potential  benefits  of  powered  lift  over  unpowered  lift,  and  it. 
follows  that  the  powered- lift  configuration  is  the  logical  choice  for  the  simula¬ 
tion  task. 
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FEATURES 

•  Powered  Lift  (Vectored 
Thrust/Supercirculation) 

•  Advanced  Composite  Materials 

•  Variable  Camber 

•  Internal  Bay  w/l nternal/ 
Conformal  Pallet 

•  Close  Coupled  Canard 

•  Direct  Sideforce  Control 

•  CCV /Fly-by -Wire 

•  Modular  Digital  Avionics 

•  Single  Wing  Duct  Burning 
Turbofan 


LWA  CONFIGURATION  29 


7  L 


CHARACTERISTICS: 

W/S  ■  80  lbs/sq.  ft.  at 
Transonic  Combat 
Weight 

T/W  *  1.3  Sea  Level  Static, 
Uninstalled  at 
Supersonic 
Acceleration  Weight 

Wing  Geometry 
•  t/c  *  0.0625  (rmsl 
•Ale  -  30/47  Degrees 
•AR  -  4 


FEATURES: 

•  Advanced  Composite  Materials 

•  Variable  Camber 

•  Internal  Bay  w/l  nternal/ 

Conformal  Pallet 

•  Direct  Sideforce  Control 

•  CCV/Fly -by-Wire 

•  Modular  Digital  Avionics 

•  One  or  Two  Augmented  Turbofans 
(Single  Engine  Shown) 


LWA  CONFIGURATION  32 


CHARACTERISTICS: 

W/S  *  50  lbs/sq.  ft.  at 
Transonic  Combat 
Weight 

T/W  ■  1.4  Sea  Level  Static, 
Uninstalled  at 
Supersonic  Acceleration 
Weight 

Wing  Geometry 

•  t/c  *  0.05 

•Ale  '  30  Degrees 

•  AR  -  4 


Figure  D-71  25,000-Pound  Class  LWA  Baseline  Configurations 
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APPENDIX 


E 


AVIONICS  RATIONALE,  DESCRIPTION, 
AND  TECHNOLOGY  REQUIREMENTS 


Avionics  requirements  for  the  LWA  are  based  on  the  projected  missions,  threat 
structuie,  and  other  operational  considerations  previously  defined.  A  summary 
of  these  operational  requirements  and  their  translation  into  avionics  requirements 


is  shown  in  Table  E-l.  In  the  following 


Table  E-l  RATIONALE  FOR  AVIONICS  REQUIREMENTS  IS 
BASED  ON  LWA  OBJECTIVES  AND  OPERATIONS 
STUDIES 


OPERATIONAL 

REQUIREMENT 

k  RESULTANT 

f  AVIONICS  REQUIREMENT 

•AVAILABILITY  (HIGH 

•  AUSTERE  AIRBORNE  SYSTEM 

RELIABILITY  MAINTAIN- 

k  •  EXTENSIVE  RELIANCE  ON 
“f  EXTERNAL  SYSTEMS  FOR 

ABILITY,  FAST  TURN- 

AROUND 

NAVIGATION  AND  WEAPON 
DELIVERY 

•  LETHALITY 

— k  •  SMART  BOMB  CAPABILITIES 
'  •  FREE-FALL  ACCURACY 

•  MISSION  FLEXIBILITY 

k  •  MODULAR  DESIGN 
f  •  GROWTH  PROVISIONS 

AT  LOW  COST 

•  TARGETS  WITHIN  200  N.MI 

.  k  •  LINE-OF-SIGHT  COMMUNICA- 
J  TIONS 

•  SHORT-RANGE  NAVIGATION 

OF  FEBA 

•  SURVIVABILITY  IN  HEAVILY  k»  LONG-RANGE  SENSOR  (RADAR) 
DEFENDED  ENVIRONMENT  f  •  AIR-TO-AIR  CAPABILITY 


•  PROVISIONS  FOR  DEFENSIVE 
SYSTEMS  (INTERNAL) 

•  PROVISIONS  FOR  STAND-OFF 
WEAPON  DATA  LINK 


from  forward  bases  make  it  essential  that 


discussion,  these  requirements  will  be 
translated  in  terms  of  their  impact 
on  the  avionics  system  design  approach 
and  on  the  selection  of  specific  types 
of  equipment. 

E.l  OVERALL  DESIGN  APPROACH 
The  operational  effectiveness 
of  future  weapon  systems  will  be  in¬ 
creasingly  measured  in  terms  of  high 
reliability  and  low  cost  of  ownership 
without  sacrifice  of  mission  capabili¬ 
ties.  These  criteria  combined  with 
the  requirement  for  fast  turnaround 
the  avionics  system  be  as  austere  as 


possible  to  maximize  mean  time  between  failures  and  ease  of  maintenance.  The 


basic  design  approach,  then,  is  to  provide  a  minimum  of  basic  avionics  equipment, 
with  extensive  reliance  on  external  aids  such  as  ground-based  radio  networks  for 
navigation  and  weapon  delivery. 


At  the  same  time,  the  airplane  must  be  flexible  for  use  under  varying  opera¬ 
tional  conditions  and  mission  requirements.  This  requirement  is  incompatible  with 
an  austere  system  if  conventional  approaches  to  system  design  are  employed.  To 
circumvent  this,  the  avionics  system  must  be  of  a  modular  design  which  permits 
rapid  changes  in  capability  as  a  function  of  varying  mission  needs  and 
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provides  flexibility  to  add  new  capabilities  without  redesigning  the  complete 
system. 

The  design  approach  to  the  LWA  avionics  is  based  on  using  a  modular  system 
configuration  which  is  designed  initially  to  afford  easy  reconfiguration  to  pro¬ 
vide  optional  or  growth  capabilities.  The  concept  of  a  modular  digital  avionics 
system  is  discussed  in  Appendix  A,  Section  A. 1.1. 2. 

Descriptions  of  the  various  system  elements  and  the  rationale  for  their 
selection  are  presented  below. 

E.  2  COMPUTER  COMPLEX 

The  initial  system  contains  one  central  processor  and  the  necessary  memory 
and  input/output  units.  This  computer  is  designed  to  take  full  advantage  of  the 
lightweight  and  high  reliability  benefits  of  microminiaturized  integrated  circuit 
components  and  to  be  capable  of  modular  growth. .  Potential  growth  consists  pri¬ 
marily  of  adding  memory  modules;  however,  the  software  would  be  designed  to  permit 
interfacing  of  dedicated  processors,  if  necessary,  for  growth  capabilities. 

The  weights  in  Table  E-2  are  only 
rough  estimates.  A  great  deal  of  study 
and  analysis  remains  to  be  performed 
before  the  computer  for  this  system  can 
be  accurately  sized.  The  computation 
requirements,  input/output  signal  and 
data  conversion  requirements,  operational 
modes,  redundancy  requirements,  control  and  display  interfaces,  memory  storage 
requirements,  and  the  operational  and  support  software  structure  will  have  to  be 
analyzed.  Computer  configuration  will  also  be  impacted  by  the  state-of-the-art  of 
the  subsystems  with  which  it  interfaces.  Use  of  existing  subsystems  will  in 
general  require  greater  complexity  in  interfacing  and  data  conversion,  whereas  sub¬ 
systems  yet  to  be  developed  can  (as  pointed  out  earlier)  be  designed  to  provide 
specified  hardware  and  software  interfaces. 


Table  E-2  HEART  OF  AVIONICS  SYSTEM  IS 
COMPUTER  COMPLEX 


SYSTEM 

LOCATION 

INSTALLED 
IN  BASIC 
AIRPLANE 

PROVISIONS 

ELEMENT 

BAYS 

COCKPIT 

ONLY 

DIGITAL 

COMPUTER 

30  LB 

30  LB 

MEMORY  AND 
PROCESSOR 
GROWTH  TO 

50  LB  TOTAL 
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E  .3  NAVIGATION  AND  GUIDANCE 


Navigation  system  requirements  are  determined  primarily  by  three  aspects  of 


the  LWA  mission: 

1»  Capability  for  rapid  response,  which  necessitates  a  simple  airborne 

system  that  can  navigate  accurately  to  a  target  area  on  short  notice. 
Such  a  capability  can  be  provided  by  radio  navigation. 

2.  Accurate  weapon  delivery,  which  requires  positioning  in  the  launch 
"basket"  for  smart  weapons  and  accurate  velocity  data  for  free-fall 
delivery 

3.  Short  range  to  targets,  which  permits  line-of-sight  radio  navigation. 

In  the  event  radio  navigation  facilities  are  not  available,  backup 
autonomous  navigation  can  be  provided  by  an  inertial  reference  unit 
having  reasonable  accuracy. 

Primary  navigation  is  accomplished  by  means  of  an  externally  aided  radio 
navigation  system,  which  is  assumed  to  be  a  satellite  system  of  the  621-B  type 
(+  20  feet  one-sigma  accuracy  design  goal).  A  simple  receiver  unit,  working  in 
conjunction  with  a  central  computer,  provides  this  capability.  This  system  can 
provide  extremely  accurate  position  data  for  navigation  and  weapon  delivery  in  the 
same  coordinate  system  being  used  by  other  operational  elements  in  the  battle 
area.  The  receiver  is  readily  adaptable  to  a  LORAN  C/D  configuration  (60-600  feet 


in  the  event  that  the  NavSat  capability  is  not  operational  when  this 
(Table  E -3) 


accuracy) 
airplane  is  produced. 


Table  E-3  NAVIGATION  AND  GUIDANCE  DEPENDS 
HEAVILY  ON  EXTERNAL  AIDS 


SYSTEM  ELEMENT 

LOCATION 

INSTALLED 
IN  BASIC 
AIRPLANE 

PROVISIONS 

BAYS 

COCKPIT 

ONLY 

1. 

INERTIAL  NAVIGATION 
SYSTEM 

30  LB 

30  LB 

2. 

NAV  SAT/LORAN  RECEIVER 

10  LB 

10  LB 

3. 

TACAN 

25  LB 

2  LB 

27  LB 

4, 

ILS 

7  LB 

7  LB 

5. 

BEACON  TRANSPONDER 

5  LB 

2  LB 

7  LB 

6. 

COMPASS  TRANSMITTER 

2  LB 

2  LB 

7. 

MISSION  CONTROL 

PANELS 

25  LB 

25  LB 

A  lightweight  inertial  naviga¬ 
tion  set  (INS)  having  about  1  n.mi./hr. 
unaided  accuracy  will  provide  the  in¬ 
stantaneous  velocity  component  and 
attitude  data  required  for  accurate 
free-fall  weapon  delivery,  at  a  low 
cost.  It  provides  autonomous  position 
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measurement  during  missions  in  which  radio  navigation  is  degraded  or  unavailable 
and  can  be  position-updated  by  the  radio  navigation  system  when  that  system  is 
operative.  The  INS  also  serves  as  the  primary  source  of  attitude  data  for  various 
subsystems  including  the  flight  instruments.  Magnetic  heading  data  are  obtained 
from  a  remote  compass  transmitter. 

Except  for  the  velocity  data  requirement,  all  of  these  functions  could  be 
furnished  with  lower  accuracy  by  a  less  sophisticated  attitude-heading  reference 
system.  However,  the  need  for  accurate  velocity  in  free-fall  weapon  delivery  is 
of  overriding  importance  on  the  LWA  mission. 

TACAN  and  ILS  capabilities  are  provided  on  the  assumption  that  they  will 
still  be  required  as  the  primary  means  of  en  route  navigation,  position  reporting, 
and  instrument  landing  in  the  civil  air  traffic  control  system.  If  the  NavSat 
system  capability  evolves  to  its  full  maturity  as  a  worldwide  general  purpose 
navigation  system  and  is  accepted  by  all  using  agencies,  then  the  TACAN  and  ILS 
systems  may  not  be  required. 

Additional  operational  flexibility  for  navigation,  weapon  delivery,  and 
battlefield  command  and  control  is  provided  by  means  of  a  beacon  transponder, 
which  operates  in  conjunction  with  a  ground  based  or  airborne  radar  tracking 
system.  The  system  also  provides  an  air  refueling  rendezvous  capability. 

The  mission  control  panels  provide  the  input/output  interfaces  between  the 
crew  and  the  INS,  central  computer,  and  operational  mode  switching  functions. 

These  panels  contain  data  readouts,  mode  switches, and  data  entry  keyboard. 

All  navigation  and  guidance  capabilities  are  provided  initially  in  the 
basic  airplane;  no  additional  space  is  allotted  for  added  navigation  and  guidance 
functions.  Growth  is  accomplished  by  substitution  of  advanced  capability  systems 
within  the  same  space  envelopes. 

E.4  ELECTRO -OPT I CAL  CAPABILITY 

In  order  to  provide  a  smart  bomb  capability  in  the  basic  airplane,  a  multi- 
mode  display  is  employed  for  delivery  of  E-0  weapons  having  imaging  seeker  heads. 
The  display  also  presents  superimposed  vertical  situation  data  and  time-shared 
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radar  data.  Such  a  display  enables  the  airplane  to  deliver  smart  bombs  of  the 
Walleye/Hobo  type  with  very  little  weight  and  cost  penalty.  Delivery  of  laser 
guided  bombs  from  the  basic  airplane  requires  external  laser  designation. 

Full  E-0  weapon  delivery  capabilities  are  available  in  a  growth  package.  This 
package  provides  the  functions  of  self-contained  day  or  night  E-0  target  acquisi¬ 
tion,  cursor  designation  and  target  tracking,  and  laser  target  designation  and 
ranging  for  delivery  of  laser-guided  bombs.  The  laser  ranger  may  be  used  to  pro¬ 
vide  very  accurate  target  range  data  for  free-fall  as  well  as  smart  bomb  delivery 
in  clear  weather.  (Table  E-4) 

Interfaces  are  provided  in  the 
basic  airplane  for  growth  to  the  E-0 
configuration  with  a  minimum  of  modi¬ 
fication.  These  interfaces  include 
space  and  access  provisions  for  in¬ 
stalling  the  E-0  package  and  its 
fairing,  electrical  power,  cooling, 
and  signal  data  bus  terminal (s)  for 
access  to  the  central  computer  and 
to  other  subsystem  interfaces. 

The  E-0  package  is  designed  so  that  the  FLIR  can  be  replaced  by  a  low-light- 
level  TV  for  optimization  of  the  E-0  capability  as  a  function  of  daylight  and 
weather  conditions.  This  interchangeability  also  requires  two  different  fairing 
windows . 

E.5  RADAR 

The  operational  survivability  of  this  weapon  system  in  a  heavily  defended 
environment  will  be  greatly  enhanced  by  the  use  of  an  air-to-ground  attack  radar. 
Increased  survivability  is  achieved  in  two  ways:  (1)  provision  of  a  terrain 
following  mode  permits  low-altitude  penetration,  and  (2)  the  long-range  target 
detection  capability  facilitates  the  use  of  standoff  weapons  which  can  be  de¬ 
livered  outside  of  SAM/AAA  zones.  (Table  E-5) 
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Table  E-4  E-0  CAPABILITY  IS  OPTIONAL  BUT  FULLY 

ACCOMMODATED  BY  BASIC  SYSTEM 


SYSTEM  ELEMENT 

LOCATION 

INSTALLED 
IN  BASIC 
AIRPLANE 

PROVISIONS 

BAYS 

COCKPIT 

ONLY 

1.  E-0  PACKAGE 

(170  LB) 

(5  LB) 

175  LB 

•  FLIR 

•  SENSOR 

•  ELECTRONICS 

40  LB 

3A  1  8 

•  LTDR 

•  TRANSMITTER  & 
RECEIVER 

#  ELECTRONICS 

1C  LB 

10  LB 

•  STABILIZATION 

•  SYSTEM 

•  GIMBALS/DRIVES 

•  ELECTRONICS 

50  LB 

JO  LB 

5  LB 

2.  MULTIMODE  VERTICAL 
DISPLAY 

30  LB 

30  LB 

Table  E-5  A-G  ATTACK  RADAR  ENHANCES  LWA  MISSION  The  radar  is  also  essential  to  pro- 

ACCOMPLISHMENT 

vide  a  cueing  display  for  all-weather  tar 
get  detection.  For  many  LWA  missions  the 
targets  are  either  imprecisely  located  or 
mobile,  making  them  impossible  to  locate 
in  bad  weather  without  a  sensor  of  this 
type.  Even  in  good  weather,  a  radar  may  be  required  to  provide  the  topographical 
and  cultural  clues  necessary  to  initially  locate  the  target  area.  In  addition  to 
its  basic  ground  mapping  modes,  the  radar  has  terrain  following  and  avoidance 
modes  for  low  altitude  penetration,  a  beacon  interrogator  for  use  with  ground  tran 
sponders  in  locating  targets,  moving  target  indication  for  locating  moving  vehicles 
and  air-to-ground  ranging  for  bad-weather  weapon  delivery. 

The  radar  is  of  modular  design  to  facilitate  growth  to  incorporate  air-to- 
air  modes.  Addition  of  all-weather  air-to-air  detection  and  weapon  delivery 
capabilities  can  be  accomplished  by  adding  the  necessary  processing  and  comput¬ 
ing  units,  using  space  allotted  for  that  purpose  in  the  initial  installation. 

A  radar  altimeter  is  also  provided  for  purposes  of  altitude  calibration  and 
as  an  accurate  source  of  altitude  data  for  use  in  terrain  following  and  blind 
letdown  modes. 

E .6  COMMUNICATIONS,  COMMAND  AND  CONTROL 

For  most  LWA  roles  and  missions,  low-power  line-of-sight  transmission  and  re¬ 
ceiving  equipment  will  be  sufficient  to  provide  the  neces"-,ry  communication  and 
identification  capabilities. 

Voice  communication  for  Air  Force  tactical  operations  utilizes  the  UHF  band 
(225-400  MHz).  Two  identical  UHF  sets  are  provided  for  purposes  of 
redundancy  and  for  simultaneous  operation  of  both  traffic  control  and  strike 
control  functions.  A  VHF-FM  set  is  also  included  to  provide  a  capability  for 
direct  communication  with  Army  units  for  strike  control.  The  direction -finding 
unit  provides  bearing  information  for  homing  on  a  UHF  transmitter  and  is  included 
primarily  to  facilitate  rendezvous  with  a  tanker  for  refueling.  A  voice  scrambler 


SYSTEM  ELEMENT 

LOCATION 

INSTALL  IN 
BASIC 
AIRPi  ANE 

PROVISIONS 

BAYS 

COCKPIT 

ONLY 

I.  air-to-ground 

ATTACK  RADAR 

150  LB 

10  LB 

160  L8 

GROWTH  TO  250  LB 
SYSTEM  WITH  AIR- 
TO-AIR  MODES 

2.  RADAR  ALTIMETER 

10  LB 

10  LB 
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is  used  to  enhance  communications  security.  An  intercom  set  is  included  to  pro¬ 
vide  functions  of  mixing,  channel  selection,  volume  control, and  signal  condition¬ 
ing  and  to  permit  communication  between  crew  and  ground  personnel  during  ground 
operations.  (Table  E-6) 

A  lightweight  air-to-ground  IFF 
set  is  employed  to  meet  the  require¬ 
ments  for  military  and  civil  air 
traffic  identification,  command,  and 
control. 

Space  and  interface  provisions 
are  included  for  future  installation 
of  data  link  equipment  for  remote 
display  t:nd  control  of  stand-off 
weapon  guidance  and  a  separate  data 
link  for  use  in  conjunction  with  a  ground  digital  command  and  control  network. 

E.7  WEAPON  DELIVERY  EQUIPMENT 

A  head-up  display  with  electronic  symbol  generation  will  provide  visual 
flight  reference,  warning  cues,  target  sighting  designation,  and  navigation  and 
attack  steering  for  weapon  delivery,  all  superimposed  on  the  real  world  visual 
scene.  The  symbology,  display  format,  mode  control,  stabilization,  and  command 
steering  functions  are  compatible  and  integrated  with  those  of  the  vertical  multi- 
mode  display  to  facilitate  the  head-up/head-down  transition.  Both  displays  are 
controlled  from  the  digital  computer  complex  through  interfaces  which  offer  a 
maximum  of  flexibility  for  reprogramming  and  modular  growth.  (Table  E-7) 

An  armament  control  panel  in  the 
cockpit  and  associated  armament  pro¬ 
gramming  units  are  provided  to  accom¬ 
plish  the  visual  functions  of  arma¬ 
ment  selection,  status  readout,  arm¬ 
ing,  release,  and  control  of  gun  firing. 


Table  E-7  ADVANCED  ARMAMENT  DISPLAYS  AND 
CONTROLS  ARE  INCLUDED 


SYSTEM  ELEMENT 

LOCATION 

INSTALLED  IN 

PROVISIONS 

RAY 

COCKPIT 

AIRPLANE 

ONLY 

1.  HEAD-UP  DISPLAY 

20  LB 

30  LB 

50  LB 

2.  ARMAMENT 
CONTROLS 

10  LB 

10  LB 

20  LB 

3.  MISSILE  ANCILLARY 

10  LB 

8  LB 

IB  LB 

GROWTH  TO  30  LB  TO 
INCLUDE  AGILE  TYPE 
WEAPON 

Table  E-6  OPTIONAL  DIGITAL  DATA  LINKS  ARE  PRO¬ 
VIDED  IN  MODULAR  C3  APPROACH 


SYSTEM  ELEMENT 

LOCATION 

INSTALLED 
IN  BASIC 
AIRPLANE 

PROVISIONS 

ONLY 

BAY 

COCK 

PIT 

1.  COMMUNICATIONS 

(16  LB 

(27  LB) 

43  LB 

•  UHF  (2) 

18  LB 

•  VHF-FM 

5  LB 

•  ADF 

6  LB 

•  SECURE  VOICE 

10  LB 

•  INTERCOM 

4  LB 

2.  AIR-TO-GROUND  IFF 

10  LB 

3  LB 

13  LB 

3.  DATA  LINK 

(40  LB) 

(3  LBi 

lb 

•  STAND-OFF 

WEAPON  LINK 

20  LB 

•  GROUND 

CONTROL  LINK 

20  LB 

3  LB 
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Missile  ancillaries  include  interface  electronics  for  an  air-to-air  IR 
missile  and  a  tracking  handle  unit  in  the  cockpit  for  lock-on  and  release  of 
E-0  guided  weapons  and  for  guidance  update  of  stand-off  weapons.  Growth  provisions 
are  included  for  additional  interface  electronics  for  advanced  air-to-air  weapons 
of  the  Agile  type. 


E.8  DEFENSIVE  SYSTEM 

Defensive  avionics  equipment  is  not  installed  in  the  basic  airplane.  The 
rationale  for  this  approach  is  as  follows: 

1.  In  general,  the  basic  airplane  will  rely  on  its  inherent  maneuverability 
or  on  selection  of  the  optimum  speed,  altitude, and  time  of  day  for 
penetration  in  order  to  avoid  attrition  due  to  the  threats  expected 

on  a  particular  mission. 

2.  In  dense  threat  environments,  the  defensive  tasks  of  warning  and  counter¬ 
measures  are  assigned  to  special  EW  systems  such  as  an  EF-111  type  air¬ 
craft  or  high-powered  ground-based  jammers. 

However,  provisions  are  made  for  future  internal  installation  of  various 
defensive  subsystems  in  order  to  permit  autonomous  operation  of  the  LWA  in 
heavily  defended  environments.  Space,  power,  and  cooling  are  provided  for  the 
electronics,  antennas,  cable  routing,  displays  and  controls  associated  with  these 
subsystems.  Antenna  installations  are  replaced  by  access  plates  or  fillets . 

(Table  E-8) 

Omnidirectional  multiband  radar 

Table  E-8  DEFENSIVE  ELECTRONICS  ARE  OPTIONAL 

warning  provides  crew  warning 
when  defensive  radars  (SAM  or  AAA)  or 
airborne  threat  radars  have  locked  on 
or  launched  missiles.  ECM  equipment 
(internally  mounted)  provides 
the  necessary  techniques  such  as 
jamming  or  trackbreaking  in  the  ap¬ 
propriate  frequency  bands  to  counter  the  transmitting  threats.  IR  warning  sets 


SYSTEM  ELEMENT 

LOCATION 

INSTALLED 
IN  BASIC 
AIRPLANE 

PROVISIONS 

BAY 

COCKPIT 

ONLY 

1.  MULTIBAND  RADAR 
WARNING 

40  LB 

10  LB 

50  LB 

2.  IR  TAIL  WARNING 

4  FLARE  DISPENSER 

50  LB 

5  LB 

55  LB 

3.  IR  WARNING  (LOWER 
HEMISPHERE) 

50  LB 

50  LB 

4.  MULTIBAND  ECM 

200  LB 

5  LB 

205  LB 

5,  INTERFERENCE 

BLANKER 

5  LB 

5  LB 
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on  the  tail  and  underside  of  the  aircraft,  together  with  an  IR  flare  dispensing 
capability,  furnishes  warning  and  countermeasures  for  nontransmitting  threats 
including  aircraft  or  missiles  approaching  from  the  rear  as  well  as  ground-based 
missile  threats  (SAM  and  Redeye  types). 


APPENDIX  F 


VECTORED  THRUST/SUPERCIRCULATION 
AERODYNAMIC  DESIGN  DISCUSSION 

F.l  DESIGN  PROBLEM 

Recent  NASA  test  results  and  Convair  analyses  of  other  pertinent  experimental 

data  indicate  that  lift  augmentation  comparable  to  a  pure  jet  flap  can  be  achieved 

with  the  vectored  thrust/supercirculation  (VT/SC)  concept  throughout  the  subsonic- 

1-3 

transonic  flight  regime.  However,  the  NASA  results  also  show  thrust  recoveries 
to  be  lower  than  those  expected  for  a  full  span  jet  flap  (Figure  F-l). 


0  20  40  60  80  100 

(0j  +a)  -  DEG 

Figure  F-l  VT/SC  Thrust  Recovery  Picture  is  Cloudy 


1  Corson,  B.  W. ,  Capone,  J.,  Putman,  L.  E. ,  Lift  Induced  on  a  Swept  Wing  by  a  Two 

Dimensional  Partial-Span  Deflected  Jet  at  Mach  Numbers  from  0.20  to  1.30.  NASA 
TM  X-2309,  August  1971.  .  . 

2  NASA  unpublished  data. 

3  Mothersole,  G.  F.,  Whitten,  P.  D. ,  and  Smith,  C.  W.  ,  Powered  Lift  Aerodynamic 
Studies  for  the  Advanced-Technology  Close-Air-Support  Fighter.  Convair  Report 
MR-A-2099,  June  1972. 
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Convair  studies  of  the  NASA  data  indicate  that  the  drag  penalties  associated 
with  the  partial  span  loadings  generated  by  the  short-span  jet  are  significant. 

For  example,  approximately  two-thirds  of  the  calculated  incremental  drag  can  be 
attributed  to  the  "peaky"  span  load  distribution. 

It  seems  apparent  that  the  efficiency  of  the  VT/SC  concept  is  strongly  depen¬ 
dent  on  the  overall  configuration.  Since  these  partial-span-induced  drag  penalties 
significantly  affect  the  sustained  maneuver  performance  of  VT/SC  configurations, 
successful  application  of  the  VT/SC  concept  depends  on  innovative  design  which 
efficiently  integrates  the  VT/SC  concept  with  the  complete  configuration. 

The  aerodynamic  situation  described  above  is  illustrated  schematically  in 
Figure  F-2.  A  highly  nonuniform  spanwise  load  distribution  is  created  on  a 
typical  trapezoidal  swept  wing  by  the  deflected  jet,  and  an  induced  drag  increment 
is  created  due  to  the  nonelliptical  loading.  The  more  the  loading  differs  from 
elliptical,  the  greater  the  induced  drag  penalty.  Since  the  high  momentum  jet 
creates  locally  large  lift  increments,  the  drag  penalty  is  considerable.  The  de¬ 
sign  problem  is  to  achieve  a  more  uniform  span  loading  distribution  while  retain¬ 
ing  the  short  span,  high  momentum  jet 
of  the  VT/SC  concept. 

F.  2  DESIGN  APPROACH 
Several  possible  design  approaches 
exist  for  creating  a  more  uniform  span 
loading.  One  approach  is  to  tailor 
the  wing  so  that  it  has  an  unblown 
(jet  off)  span  load  distribution  which 
is  improved  by  the  inboard  loading 
produced  by  the  jet.  This  amounts 
to  a  wing  with  some  degree  of  outboard 
loading.  Two  powerful  planform  vari¬ 
ables  for  wings  of  this  type  are 
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Figure  F-2  VT/SC  Partial  Span  Loading  Results  in 
Induced  Drag  Increment 


sweep  and  taper  (Figure  F-3). 


Figure  F-3  Tailoring  Planform  can  Improve  Jet 
induced  Loading 


Figure  F-4  Increasing  Duct  Span  is  Obviously  Helpful 


Figure  F-5  Span  Loading  can  be  Increased  in  Outboard 
Regions  with  Omber  and  Twist 


In  general,  outboard  loaded  de¬ 
signs  are  contrary  to  accepted  design 
practice,  in  that  they  tend  to  exhibit 
tip  stall  and  other  undesirable  char¬ 
acteristics.  The  amount  of  outboard 
loading  is  thus  limited  to  some  reason¬ 
able  level  by  the  configuration  re¬ 
quirements  for  non-vectored  thrust 
operation. 

Another  important  possible  con¬ 
figuration  design  variable  is  the  span- 
wise  extent  of  the  nozzle.  If  the 
momentum  of  the  jet  is  spread  across 
a  larger  percent  of  the  span,  the 
peak  in  the  load  distribution  is  re¬ 
duced  and  a  more  uniform  load  distri¬ 
bution  achieved  (Figure  F-4).  Of 
course,  this  effect  must  be  traded 
against  the  increased  nozzle  length. 

A  third  design  approach  is  to 


tailor  the  spanwise  twist  and  camber 
distribution  to  produce  a  loading 

favorable  for  application  of  the  localized  lift  loading  from  the  jet.  This  ap¬ 
proach  complements  that  of  varying  planform  sweep  and  taper  (Figure  F-5), 

Another  approach  entails  the  addition  of  camber  to  the  wing  to  provide  in¬ 
creased  loading  in  a  particular  spanwise  region  to  smooth  out  the  overall  distri¬ 
bution.  This  approach  can  be  implemented  by  a  simple  trailing-edge  flap  out¬ 
board  of  the  jet  nozzle.  Entrainment  of  the  flow  over  the  flap  due  to  the  carry¬ 
over  circulation  effects  from  the  jet  may  also  increase  the  effectiveness  of 
the  flap  through  boundary  layer  control  action.  Additional  control  over  the 
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circulation  may  be  obtained  by  varying  the  flap  deflection  (Figure  f-6). 

Leading  edge  flaps  also  can  be 
employed  to  improve  spanwise  loadings; 
an4  since  the  increased  leading-edge 
pressures  generated  by  the  supercircu¬ 
lation  can  possibly  create  the  need 
for  some  type  of  device  to  prevent 
separation  at  the  leading  edge,  leading-edge  flaps  can  be  considered  as  dual  pur¬ 
pose  devices.  Convair  studies  indicate  that  leading-edge  flaps  can  suppress  lead¬ 
ing  edge  separation  and  thus  enhance  the  effectiveness  of  trailing-edge  flaps  ^ 
and  proper  combination  of  these  flaps  may  result  in  improved  thrust  recovery  over 
a  wider  range  of  angle  of  attack  than  for  fixed  solutions  such  as  those  previously 
discussed. 


Figure  F-6  Variable  Camber  in  Outboard  Region  could  be 
Answer 


McAllister,  J.  D.  ,  Benepe,  D.  B. ,  Whitten,  P.  D. ,  and  Kaftan,  G. ,  Wing  Roll 
Control  Devices  for  Transonic  High  Lift  Conditions.  AFFDL-TR-69-124,  Part  I, 
January  1970,  and  Part  II,  February  1971. 
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APPENDIX  G 


CONFIGURATION  SYNTHESIS  PROCEDURE 

The  LWA  parametric  data  of  Appendices  D  and  H  are  the  products  of  a 
Convair  configuration  synthesis  procedure  known  as  CDC  6600  Procedure  RIF.  The 
procedure  is  a  preliminary  configuration  design  guide  and  is  not  applicable  to 
detailed  analysis.  The  procedure  is  used  to  identify  trends,  define  the  inter¬ 
action  between  major  design  variables,  and  provide  estimates  of  aircraft  perfor¬ 
mance  potential  and  gross  sizing.  The  elements  of  the  synthesis  procedure  are 
described  in  subsequent  paragraphs. 

G.  1  FORCE  PREDICTION  METHODS 


G.1.1  AERODYNAMICS 

Aerodynamics  methodology  enables  the  prediction  of  the  minimum  drag  and  drag- 
at-lift  characteristics  of  a  complete  configuration  as  a  function  of  Mach  number 
and  lift  condition.  At  a  specified  Mach  number  and  lift  condition,  total  drag  is 
defined  as  the  sum  of  the  minimum  drag  and  drag-due-to-lift. 

Subsonically ,  the  minimum  drag  is  defined  by  the  sum  of  the  friction  and  form 
drags.  Drag  rise  is  added  to  this  sum  at  Mach  numbers  above  the  drag  divergence 
Mach  number.  Drag  divergence  Mach  is  calculated  internally  and  is  a  function  of 
the  airfoil  characteristics.  Supersonically  (M  2  1.0),  the  wave  drag  is  added  to 
the  friction  drag  to  define  minimum  drag.  The  wave  drag  is  defined  as  the  sum  of 
the  wave  drags  of  the  following  components:  (1)  canopy,  (2)  fuselage,  (3)  nacelle, 
(4)  wing,  (5),  vertical  tail,  and  (6)  horizontal  tail  (or  canard). 

Drag-due-to-lift  is  defined  for  a  two-segment  displaced  "envelope"  polar. 

The  polar-break  lift  coefficient  (Clbrk)  separates  the  polar  into  two  regions 
(1)  the  region  below  polar  break  is  defined  in  terms  of  polar  displacement  (  ACl) 
and  span  efficiency  factor  (e0)  and  (2)  the  region  above  polar  break  is  defined 
in  terms  of  a  lower  span  efficiency  (e^)  which  is  due  to  separation  effects  and 
reflects  the  reduced  efficiency  of  the  wing  at  higher  lift  coefficients.  The 
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Cl,brk»  ACl»  and  eQ  are  scaled  from  the  reference  by  configuration-dependent  (lead¬ 
ing  edge  sweep,  aspect  ratio,  thickness  ratio)  scaling  functions. 

G . 1 . 2  STABILITY  AND  CONTROL 

Initial  tail  sizes  for  the  procedure  are  those  established  from  the  pre-design 
analysis  of  the  baseline  configuration,  utilizing  the  current  balance  and  control 
techniques.  This  tail/wing  area  relation  is  then  maintained  for  the  wing  variation 

analysis . 

G.  1.3  PROPULSION 

The  synthesis  procedure  does  not  provide  for  the  prediction  of  propulsion 

data  (thrust  and  fuel  flow)  internally.  Coefficients  for  a  series  of  fourth- 

order  polynominal  curve  fit  equations  provide  the  required  data  at  any  given  Mach 

number -altitude  condition  for  the  engine  design  being  considered. 

Maximum  power  thrust  and  fuel  flow  are  curve  fit  against  Mach  number  at  five 

user  specified  altitude  levels  by  an  equation  of  the  form: 

k=4 

Fi  “  S  Aik  Mk  (G-l) 

k=0 

where  A  represents  the  coefficients  and  M  is  the  Mach  number.  If  the  altitude  at 
which  maximum  power  engine  performance  is  to  be  computed  does  not  coincide  with 
one  of  the  user  specified  altitudes,  the  referenced  thrust  and  specific  fuel 
consumption  are  determined  at  the  closest  altitude  above  and  below  the  altitude 
of  interest.  Thrust  and  specific  fuel  consumption  at  the  desired  altitude  are 
then  determined  by  linear  interpolation. 

Intermediate  power  (maximum  dry  power)  tfv.xst  and  fuel  flow  are  similarly 
curve  fit  with  (1)  Mach  number  at  sea  level  and  (2)  altitude  at  Mach  0.9. 

The  ratio  of  partial-afterburning  fuel  flow  to  maximum  power  fuel  flow  is 
established  as  a  function  of  the  ratio  of  partial-afterburning  thrust  to  maximum 
power  thrust.  A  similar  technique  is  employed  for  the  reduced  dry-power  data. 

G.1.4  WEIGHTS 

Weights  are  computed  by  a  variety  of  techniques.  Fixed  items  such  as  system 
weights,  armament,  and  avionics  are  input  when  available  from  design  data.  When 
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these  data  are  not  available  from  design  layouts  and  detailed  analyses,  statistical 
estimates  which  encompass  a  large  number  of  variables  and  equations  are  used  to 
derive  the  input  data. 

Composite  weight  increments  are  estimated  based  on  previous  analysis  and 
component  experience  and  on  stress/stiffness  derived  analytical  values  in  specific 
areas,  such  as  the  basic  fuselage  structure.  In  the  parametric  variations,  empha¬ 
sis  is  placed  on  obtaining  correct  trends  for  major  lifting  surface  weights  (wing, 
tail),  since  that  is  where  the  major  aerodynamic /structural  interactions  occur. 

The  basic  wing  weight  equation  is  of  the  form, 

Ww  "  «F+  pSE  (G-2) 

where  Se  is  the  exposed  wing  area  and  /3  is  a  constant  which  can  be  altered  to 
reflect  different  methods  of  construction,  different  levels  of  high-lift  system 
complexity,  etc.  The  function 

mu  b2  +  0.0632  (1  -  cos4A  )1  „ 

F  -  si  1+A _ I _ J  KR  (G-3) 

tR  (2.28  +  Xt) 

is  a  load-dependent  parameter  derived  as  shown  in  Figure  G-l  .  In  this  equation, 

N  -  ultimate  design  load  factor,  Wd  ■  design  weight,  bs  -  structural  span,  A  = 
quarter  chord  sweep,  X  -  planform  taper  ratio,  Xt  ■  thickness  taper  ratio,  tR  = 
root  thickness,  and  KR  ■  expanded  root  factor  (usually  «  1.0). 

In  Equation  G-2,  the  function  a  is  a  material  characteristic  parameter,  i.e., 

a  [Ca  +  ^  (llftjil  -  C„)  ]  (M) 

In  this  equation,  at  is  a  constant  which  accounts  for  the  fact  that  the  load¬ 
carrying  material  is  not  concentrated  along  the  maximum  wing  thickness  line;  at  is 
primarily  a  function  of  airfoil  characteristics,  except  for  extremely  thin  wings 
where  the  skin  thickness  is  comparable  to  the  wing  thickness.  Usually,  at  «  1.35. 
The  constant  Ca  accounts  for  the  amount  of  load-carrying  "nonoptimum"  material  in 
the  wing.  For  a  "statistically  average"  aluminum  wing,  Ca  is  1.0;  it  is  greater 
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1.  Define  Spanwise  Load  Distribution  (Similar  to  Schrenk  Distribution)  (similar  to  schrenk 

.  DISTRIBUTION) 

f  DISTRIBUTION  PROP.  TO 

k - LOCAL  CHORD 


C/C 

CAVG 


NET 

DISTRIBUTION 


DISTRIBUTION  C/C  _1_  r  n  +  1  rnl 
INDEPENDENT  ~  2  LC  2  4  J 

OF  LOCAL 

n  =  n  (A)  (DETERMINED  STATISTICALLY) 


n  (A  =  0)  =  0.36  ("ELLIPTICAL”  DIST) 
£«  1  -V 


2.  Integrate  to  Find  "Bending"  Material  Required 


Ft - a - 

SECTION  A-A 


3.  Satisfy  Simple  Bending  Stiffness  Constraint 


MAX  WING  TIP 
DEFLECTION 

"EXTRA”  DIHEDRAL 
ANGLE 

WING  STATIC  SHAPE 


WHEN  STIFFNESS 
CRITICAL,  EXTRA 
MATERIAL  ADDED 
TO  MEET  TIP 
DEFLECTION  REQT. 


4.  Leads  to  Loading  Parameter: 


F-  KR  NWd  bs2  [-V5-6+X  +  -0632  H  -  cot  4 A)] 


*r (228  +At ) 


Figure  G-l  Structural  Weight  Methods  -  Loading  Parameter 


than  1  when  more  nonoptimum  material  is  required;  and  it  is  less  than  1  when  the 
structural  design  is  more  efficient.  For  composite  wings,  the  nonoptimum 
efficiency  is  strongly  dependent  on  the  design  concept. 

The  (y/p)al  term  in  Equation  G-4  represents  the  maximum  allowable  stress- 
over-density  of  aluminum  and  (y/p)c  is  an  equivalent  term  for  different  material 
properties.  The  term,  which  can  be  modified  as  necessary  for  elastic  character¬ 
istics,  is  defined  as 


(Y/p)  c 


for  0  < 


^  2  (^) 

tn  \  t„  / 


(— ) 

■ -4-S  for  (£&)  <^L 

p(  M  uR/o  cr 

\tR/ 


(G-5) 
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(Ay/bs)  design 


«t  lm\ 

(1-At)  -  At  In  1 

\  E  / 

At 

< 

(1-At)2 

»  j 

(G-6) 


where  is  the  average  effective  ultimate  strength,  p  is  the  density,  E  is  the 
average  effective  modulus,  and  (Ay/bs)  is  a  maximum  allowable  deflection  at  the 
tip.  For  metals,  the  E  and  values  are  fixed  characteristics  of  the  material; 
however,  for  composites,  they  are  functions  of  the  basic  material  properties  and 
the  average  fiber  orientations  of  the  wing  load-carrying  structure. 


G.  2  FLIGHT  MECHANICS /PERFORMANCE  METHODS 
Flight  mechanics/performance  methodology  is  available  for  defining  the 
various  types  of  performance  data  necessary  for  each  mission  phase  (warm-up  and 
take-off  allowance,  acceleration  and  climb,  cruise,  loiter,  combat,  etc.).  Assump¬ 
tions  are  made  to  permit  the  basic  equations  of  motion  to  be  integrated  for  each 
mission  phase  to  provide  simplified  analytical  approximations. 


G.2.1  WARM-UP  AND  TAKEOFF  ALLOWANCE 

Warm-up  and  takeoff  allowance  is  defined  as  the  sum  of  the  fuel  required  to 
taxi  at  sea  level  for  a  specified  time  at  a  thrust-to-weight  ratio  of  0.2  plus  the 
fuel  required  to  accelerate  at  sea  level,  maximum  power  from  brake  release  to  a 
specified  initial  climb  speed. 


G.2.2  CLIMB  AND  ACCELERATION 

Climb  and  acceleration  performance  is  defined  for  (1)  subsonic  climb  at  dry 
power  and  (2)  acceleration  at  a  constant  altitude.  The  methodology  involved  for 
each  of  these  segment  types  is  discussed  below. 

G.2.2. 1  Subsonic  Climb  at  Dry  Power 

Fuel  and  distance  to  climb  are  defined  assuming  that  (1)  thrust  is  in  the 
direction  of  motion,  (2)  Mach  number  is  constant,  (3)  climb  angle  is  constant,  and 
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(4)  thrust  (T)  may  be  represented  by  T  =  Cx  p  over  a  limited  altitude  range. 
Because  climb  is  performed  at  constant  Mach  number,  it  may  be  further  assumed 
that  the  velocity  is  constant  since  the  speed  of  sound  is  approximately  1000  feet 
per  second,  i.e.,  isothermal  atmosphere.  With  these  assumptions,  the  equations 
of  motion  for  climb  in  a  vertical  plane  may  be  written  as 

mV=0=T-D-  WsinY 
mVY  =  0  =  L  -  WcosY 

h  =  VsinY  (G-7) 

R  =  VcosY 

W  =  -  (SFC)T  -  -  FF 

Integration  of  these  equations  yields  simplified  analytical  expressions  for  fuel 
and  distance  to  climb. 

G .2.2.2  Acceleration  at  a  Constant  Altitude 

Time  and  fuel  to  accelerate  at  maximum  power  and  constant  altitude  from  an 
initial  Mach  number  Mi  to  a  final  Mach  number  Mf  are  defined  by  integrating  the 
equations  of  motion  in  a  vertical  plane  using  a  trapezoidal  integration  scheme. 

The  acceleration  is  range  free  and  is  performed  at  constant  weight. 

The  equations  of  motion  in  a  vertical  plane  for  constant  altitude  may  be 
written  as 

-0 

mV  =  T  -  D  -  Wsi/y 

mVY  =  L  -  WcosY  =  0  (G-8) 

W  =  -  (SFC)  (T) 

These  equations  may  be  numerically  integrated  for  small  Mach  increments  to  define 
incremental  time  and  fuel  to  accelerate.  These  increments  are  summed  over  the 
entire  acceleration  Mach  schedule  to  define  the  total  time  and  fuel  to  accelerate. 
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(1.2.3  CRUISE 

Four  types  of  subsonic  cruise  segments  are  optionally  available.  Subsonic 
cruise  segments  may  be  defined  as 

1.  "Optimum"  Mach  number /"optimum"  altitude  cruise 

2.  "Optimum"  Mach  number /constant  altitude  cruise 

3.  Constant  Mach  number /"optimum"  altitude  cruise 

4.  Constant  Mach  number /constant  altitude  cruise  (i.e.,  dash). 

"Optimum"  cruise  Mach  number  is  limited  to  Mach  numbers  less  than  or  equal 

to  the  drag  divergence  Mach  number.  Dash  segments  are  defined  as  constant  Mach 
number /constant  altitude  cruise.  The  dash  Mach  number  may  be  specified  as  any 
speed  since  it  is  not  constrained  by  drag  divergence  Mach  nuaber. 

Cruise  performance  is  computed  from  the  classical  Brequet  range  equation 

R  -  (jj)  (gjjg)  In  w0/wf  (N.MI. )  (G-9) 

where 

L/D  is  lift-to-drag  ratio 
V  is  velocity  (knots) 

SFC  is  specific  fuel  consumption  (lb/hr /lb) 
wQ  is  initial  cruise  weight  (lb) 

Wf  is  final  cruise  weight  (lb) . 

If  the  cruise  range  (R)  is  specified,  the  cruise  fuel  is 

AWcruise  “  w0-wf  -  wf  (^|  -  1) ,  (G_10) 

or 

R/Cr 

^Cruise  “  wf  (e  “  (G-ll) 

where 

Cr  *  range  constant  (N.MI.) 

-  (L/D)  (V/SFC) . 
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Dash  performance  (constant  Mach  and  altitude  cruise)  is  computed  from 


AR  -  (SR)  (AWCruise)  (G-12) 

where 

SR  **  specific  range  constant  (n. mi/lb) 

AW  *  velocity  divided  by  fuel  flow  (V/FF) 

FF  -  fuel  flow  (lb/hr  =  (SFC)  (T)). 

The  specific  range  constant  is  insensitive  to  weight  for  low  lift  conditions. 

G  .2.4  COMBAT 

G.2.4.1  Sustained  Turn  Maneuvers 

Sustained  turn  maneuvers  are  performed  at  specified  Mach  number,  altitude, 
and  power  setting  conditions.  Tha  fuel  required  to  perform  a  specified  number 
of  sustained  turns  is  defined  for  each  condition. 

A  sustained  turn  implies  that  the  velocity  is  constant.  Therefore,  in  the 
direction  of  motion, 

mV»0=T-D-  WsinY.  (G-13) 

The  flight  path  angle  is  zero  since  the  turn  is  performed  at  constant  altitude. 
Equation  G -13  may  therefore  be  written  as 

T  -  D  =  0.  (G-14) 

Equation  G -14  may  be  used  to  solve  for  the  lift  condition  necessary  to  sustain 
the  turn  in  the  following  manner: 

T  -  D  -  T  -  (CDwin  +  KCL2)  qS  =*  0  (G-15) 


Solving  for  Cl  yields 


CL  “  CL 


Sust 


/  T/qS  cPMln 

’  K 


(G-16) 
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In  banked  flight,  the  expression  for  the  rate  of  change  of  flight  path  angle 
with  respect  to  time  ( 7 )  is 

mVy  ■  Lcos$  -  wcos7  (G-17) 

where 

<\>  ■  roll  angle. 

Equation  G-17  may  be  arranged  to  define  the  load  factor  (lift-to-weight  ratio): 


L 

W 


n 


_ 1_ 

cos<f> 


(G-18) 


where  n  ■  load  factor. 

In  the  turning  plane,  the  centrifugal  force  must  be  balanced  by  the  lift 
component,  i.e., 

-  Lsin<#>  (G-19) 


where  R  *  turn  radius.  Equations  G-18  and  G-19  may  be  manipulated  to  define  the 
turn  radius  as 


R  “ 


(G-20) 


The  turn  rate  is  defined  as  the  ratio  of  the  velocity  to  turn  radius,  i.e., 

*sust  "  ^  (G-21> 

Equations  G-16  and  G-18  may  be  used  to  define  the  sustained  load  factor. 

The  fuel  required  to  perform  N  sustained  turns  is  defined  as 


awN  Turns 


SFCa  x  Ta 
3600 


(G-22) 
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where 

N  *  number  of  360°  turns  desired 
$  =  sustained  turn  rate  (Deg/Sec) 

SFCa  =  maximum  power  specific  fuel  consumption  at  the  turn 
condition  Mach  and  altitude  (lb/hr/lb) 

Ta  "  maximum  power  thrust  at  the  turn  condition  (lb). 

G.2.4.2  Energy  Gains 

Combat  allowance  may  be  requested  as  the  fuel  required  to  gain  a  specified 
amount  of  energy  (Es)  based  on  the  energy  rate  (Es)  at  a  specified  maneuver  Mach, 
altitude,  load  factor,  power  setting,  and  weight  condition.  The  energy  rate  is 
defined  as 


ES  *  Ps=(^  V  (G-23) 

where 

T  -  thrust  (lb) 

D  =  drag  (lb)  -  Cd  qS 
W  -  weight  (lb) 

V  -  velocity  (ft/sec). 

The  drag  (D)  is  evaluated  at  the  Mach,  altitude,  and  load  factor  condition.  The 
fuel  required  to  gain  a  specified  energy  is  defined  from 

^Combat  “  *  (G-24) 

Es 

where 

Es  -  specified  energy  gain  (ft) 

Ps  ■  energy  rate  from  Equation  G-23  at  the  specified  maneuver 
condition  (ft/sec) 

w  ■  fuel  flow  at  the  specified  maneuver  condition  (lb/sec). 
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G.3  MISSION  ANALYSIS  METHODS 

The  mission  as  currently  defined  in  the  synthesis  procedure  is  composed  of 
12  mission  segments.  Each  mission  segment  may  be  retained  or  deleted  on  an  option 
basis.  This  option  capability  permits  a  number  of  missions  to  be  defined  from  the 
basic  12  mission  segments.  The  order  in  which  these  segments  may  be  utilized  is 
fixed  by  present  program  logic.  This  order  is  as  follows: 


1. 

Landing 

reserve 

2. 

Inbound 

cruise 

3. 

Inbound 

climb  to  cruise  path 

4. 

Inbound 

dash 

5. 

Ordnance 

drop 

6. 

Combat 

7. 

Outbound 

dash 

8. 

Outbound 

acceleration  to  dash  speed  or  combat  acceleration 

9. 

Outbound 

loiter 

10. 

Outbound 

cruise 

11. 

Outbound 

climb 

12. 

Warm-up , 

takeoff,  and  acceleration  to  climb  speed  allowance. 

Notice  that  the  mission  segments  are  listed  in  reverse  order  and  that  the  mission 

with  the  full  complement  of  twelve  segments  is  a  radius  mission  about  the  ord¬ 

nance  drop/combat  points. 

The  listing  is  presented  in  reverse  order  because  the  purpose  of  the  mission 

analysis  base  is  to  define  (Da  vehicle  sized  to  meet  the  specified  mission 

requirements  or  (2)  the  performance  potential  for  a  specific  vehicle  size. 

For  the  purposes  of  discussion,  the  first  case  is  considered.  Based  on  an 
initial  assumed  fuel  required  to  perform  the  specified  mission,  the  weight 
methodology  (Section  G.1.4)  is  utilized  to  define  an  associated  empty  weight 
(since  design  weight  is  a  function  of  the  fuel).  The  mission  is  integrated  by 

I 

computing  the  fuel  required  to  perform  each  mission  segment  in  the  order  described 
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above  (i.e.,  reverse  order)  to  define  the  fuel  required  to  perform  the  total 
mission  and  hence  the  takeoff  gross  weight.  This  new  fuel  weight  is  used  to 
perform  successive  iterations  through  the  mission  until  convergence  is  established 
between  the  assumed  fuel  and  the  required  fuel. 

Range  is  accounted  for  in  cruise,  climb,  acceleration  to  dash  speed,  and 
dash.  Decelerations,  descents,  loiter,  and  combat  are  range  free.  Cruise  and 
dash  range  requirements  are  specified.  The  specified  cruise  range  is  decreased 
for  (1)  the  inbound  leg  by  the  inbound  climb  range  and  (2)  the  outbound  leg  by 
the  sum  of  the  range  to  accelerate  to  dash  speed  and  the  outbound  climb  range. 
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APPENDIX  H 
PARAMETRIC  MISSION/ 
CONFIGURATION  DATA 

Parametric  data  are  defined,  using  the  synthesis  procedure  discussed  in 
Appendix  G,  for  LWA  Reference  Configurations  26B  and  26C  utilizing  conventional 
materials  and  composite  materials,  respectively.  The  aerodynamic  and  weight 
characteristics  of  the  reference  configurations  are  used  to  calibrate  the  syn¬ 
thesis  procedure. 

Twelve  performance  parameters  are  monitored  in  the  parametric  analyses. 

Nine  of  these  parameters  are  mission  profile/mission  configuration  dependent; 
three  are  maneuver  dependent. 

Mission  profiles  and  mission  configurations  are  defined  in  Section  D.3.3.  The 
nine  mission  profile/mission  configuration  combinations  are  shown  in  Table  H-l. 

The  three  maneuver  parameters  moni- 

TaNe  H-l  NINE  MISSION  PROFILE/MISSION  CONFIGUR-  tored  are 

AT  ION  COMBINATIONS  ARE  INCLUDED  IN  THE  ,  , 

1.  Supersonic  acceleration  time 

from  MO. 85  to  Ml. 6,  36,089 
feet,  maximum  power 

2.  Low  speed  maneuverability  at 
150  KTAS,  5000  feet,  maximum 
usable  lift  (Cl^x) 


3.  Transonic  maneuverability  at 
M0, 9,  30,000  feet,  buffet  free. 

The  parametric  data  are  presented  for  each  material  category  as  a  function 
of  the  engine  size,  wing  area,  and  wing  geometry  (aspect  ratio,  leading  edge  sweep, 
and  thickness  ratio).  Engine  size  and  wing  area  variations  define  carpet  plots 
for  each  performance  parameter  and  geometry  combination. 

Lines  of  constant  acceleration  time  or  g-capability  at  one  or  both  of  the 
maneuver  conditions  may  be  plotted  on  the  mission  radius  plots  to  define  the 
intersection  of  an  acceleration  time  line  and  g-capability  line.  This  inter¬ 
section  point  defines  the  engine/wing  size  required  to  meet  the  specified  accele¬ 
ration  time  and  maneuver  load  factor. 


PARAMETRIC  DATA 

MISSION  PROFILE 

MISSION  CONFIGURATION 

OPTIMUM  SUBSONIC _ 

_ 1.  2,  &  3 

SEA  LEVEL  PENETRATION _ _  _ 

_ 1  &  2 

SUPERSONIC  PENETRATION - 

- 1  &  2 

SUPERSONIC  INTERCEPT -  . 

_ 1  &  1' 
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THRUST  LOADING  -  UNINSTALLED  SLS  DRUST 


Engine  size  may  be  converted  to  thrust  loading  for  each  mission  configuration. 
Similarly,  wing  area  may  be  converted  to  wing  loading  (Figure  H-l). 
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Figure  H-2a  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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Figure  H-2b  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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Figure  H-2c  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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•  CONVENTIONAL  MATERIALS 
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Figure  H-3b  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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Figure  H-3c  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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Figure  H-4a  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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Figure  H-4b  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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Figure  H-4c  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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Figure  H-5a  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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Figure  H-5c  LWA  Mission/Configuration  Tradeoff  Parametric  Dati 
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•  CONVENTIONAL  MATERIALS  •  ■  Vfi 


Figure  H-6b  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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Figure  H-6c  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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Figure  H-7a  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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Figure  H-7c  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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•  CONVENTIONAL  MATERIALS 
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Figure  H-8a  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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Figure  H-8b  LWA  Mission /Configuration  Tradeoff  Parametric  Data 
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Figure  H-9a  LWA  Mission/Configuration  Tradeoff  Parametric  Data 


226 


TOTAL  MISSION  RADIUS  -  N.M 


•  CONVENTIONAL  MATERIALS  •  ALE  ■  40°  •  AR  ■  4.0  »t/c  ■  .04 


inward 


S.L.  PENETRATION  MISSION  PROFILE 
MISSION  CONFIGURATION  1 


SUPERSONIC  ACCELERATION  TIME 
MISSION  CONFIGURATION  1 


S.L.  PENETRATION  MISSION  PROFILE 
MISSION  CONFIGURATION  2 
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Figure  H-9c  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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Figure  H-lla  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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Figure  H-llb  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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Figure  H-llc  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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Figure  H-12b  LWA  Mission/Configuration  Tradeoff  Parametric  Data 
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APPENDIX  I 


L  W  A  CONFIGURATION  29  SIMULATION 

Simulation  of  the  flight  characteristics  of  the  Lightweight  Attack  (LWA)  air¬ 
craft  has  been  accomplished  on  the  EAI  640/231R  hybrid  computer  in  six  degrees  of 
freedom  with  limited  nonlinear  and  flexibility  effects.  This  computer  simulation 
was  utilized  in  conjunction  with  the  advanced  cockpit  simulator  and  the  optical 
display  system  to  evaluate  target  tracking,  weapon  delivery,  handling  qualities, 
and  precision  landing  approaches  with  wing  jet  flaps  and  various  sideforce  control 
modes.  The  simulation  is  flyable  over  the  power  approach  and  cruise  envelope  al¬ 
though  the  validity  decreases  with  large  excursions  from  the  Mach-altitude  flexi¬ 
bility  schedule.  The  hybrid  computer  consists  of  two  consoles  of  EAI  231-R  analog 
equipment  tied  to  an  EAI  640  digital  computer.  The  equations  of  motion,  aerodynamic 
data,  and  flight  control  system  data  used  in  the  LWA  simulation  are  defined  in  this 
appendix.  A  list  of  symbols  is  included  at  the  end  of  the  appendix. 

1.1  SIMULATION  EQUATIONS 

The  LWA  simulation  equations  are  presented  in  Table  1-1.  Significant  features 
of  these  equations  include  (1)  6-degrees-of- freedom,  (2)  jet  flap  and  supercircu¬ 
lation  effects,  (3)  sideforce  control  surface  effects,  and  (4)  nonlinear  lateral- 
directional  derivatives  as  a  function  of  angle  of  attack  and  Mach  number. 

The  sign  convention  for  control  surface,  with  the  exception  of  the  sideforce 
control  surface,  is  such  that  a  negative  control  surface  deflection  causes  positive 
moments.  Positive  moments  are  defined  to  give  climbing  turn  to  the  right. 

Reference  constants  and  physical  data  used  in  the  simulation  are  presented  in 
Table  1-2. 
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Table  1-1  LIGHTWEIGHT  ATTACK  AIRCRAFT  ILWA)  SIMULATION  GENERAL  EQUATIONS 


Equations  of  Motion 

u  -  vr  -  wq  +  ( 1/m)  (X^ERO  +  XTHRUST)  *  ®  S7n® 

v  -  wp  -  ur  +  0/m)(YAERo)  +  g  Coae  Sin* 

w  »  uq  -  vp  +  (1/m) (Zaero) +  K  Coafl  Cos* 

P  -  [dyy  ‘  >zz>qr  +  Ixz<‘'  +  Pi)  +  lAERo]  1  !kx 

4  *  [( I zz  -  Ixx>Pr  +  Ixz<r2  '  P2>  +  mA£RO  ♦  ^THRUST]  ,l 

r  -  [(Ixx  -  Iyy)pq  ♦  Ixz(P  -  “lr>  +  NAERo]  1  ltt 

Velocities  and  Rate* 

f  u  dt  P  -  Po  +  J  P  dt 

Jo  o 

■  /‘v  dt  1  -  q0  +  f0  i  dt 


Accelerometer  Equations 


ACC 


IBUi 


^  ZAf.RO  J  ,  A  A1aN^ 

/ yarro  \  x 
AyACC  (  W  J 


ZklAy  r 

1845 


yy 


Lift  Coefficient 

cL  -  +  AC, 


CL-CVo  +ACLSc  +  ACL6f 


U  ■  Uo  + 
v  -  4 


CW.0(fl-  “Lo> 


Cl  *  Clbr 


w  •  w°  +  jf  *  dt  T  -  *0*  l  i 


r  dt 


*  CL„0(,,BR  ‘  "L0)  +  CLai  '  "BR7 
CL  *  CLBR 


V  -  (u2  +  v2  +  «2)* 

_  /CLBR  ' 

“BR  lCU,o  , 

t  +  "Lo 

M  -  V/a 

C/j“0 

where 

acl5c  ’  ‘i.gj.  *c 

CL6c  ■  f(M) 

a  -  f (h) 

ACi-*f  ci<# f  ®f 

cuf  -  f<M> 

uo  *  V0  Coaa0  Cosj)0 

vQ  -  V0  Sln/30 

ACLe-ACLl  +  1.05f(^) 

J"2 

w0  -  VD  Slno0  Coa0o 
Load  Factor 

*N  *  *  <zAERO  1  W) 

Thrust 

XTHRUST  ”  tENG 
^THRUST  "  -l’765(TENc) 


A%  -  [cLi(a)cMi9|  -  *•«•]  F» 

Fa  -  f(0,) 

Va)c*.0,  ■  l-O6F[.260C,e(  +  .aCla] 

-.06C^  (  t't  +  a  ) 

where  8 ,  and  a  are  in  radians 


Attitude  Angles  and  Rates 

(*,  n  ,  *  Sequence) 

L  ci«  Jc; 

8  -  80  +  f  8  dt 

Jo 

«  -  57.3(q  Coa*  -  r  Sin*) 

c;  -  /  .26 

*  -  *0  +  *  dt 

*  -  57.3(p)  +  i  Sine 

cia.  cj9i  -  r(c;> 

*  m  *, o  +  f  *  dt 

Jo 

Wind  Angles 

a  -  Tan"7  w/u  +  «C 

P  -  Sin"1  v/V  +  Pq 

Forces  and  Moments 

*  «  57.3(q  Sin*  +  r  Coa*)/Coae 

F  -  (4  +  .64  CM)  /  (6  + 

+  .88  CM) 

TfT  ‘  f(ACL7) 

cLmax  -  <cLmax>C)1_0  +  ^ACLc  ’a  BR 

xAERO  "  CxTs 

lAERO  "  cl$Sb 

Drag  Coefflrlent 

yAERO  ”  cyTS 

77 AERO  ”  cm^SS 

CD  *  cDmin  +  cDb  '  rCM  +  acDbb  +  aCDgc  +  ACD»f 

zAERO  "  cz$s 

where 

q  -  148l(p/p0)M2 

p/Po  ’  f(h) 

nAERO  "  cn^sb 

^MIN  ‘  CDMINALT  +  ACDALT 

%inalT- 

ACDALT  -  f(M) 
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Table  1-1  (Cont'd) 

cDl  *  Ko<cl.  -  AcLo>2  CL  <  CLb|( 

-  [A><ClBR  -  AC^)  ♦,/K1<CL  -  CLm)]2 


Rolling  and  Yawing  Moment  Coefficient 

C/  -  C/B  +  <C/pP  +  C/rr>  & 

b 


CL  >  CL„r 


K  /CG*CCdBp\  z 

■n  -  C„R  ♦  (CnpP  ♦  C„rr)  &  ♦  l 

Cl  -  Cl  Co»a  -  C-.Slna 
*B  *S  nS 

CnB  *  Casino  +  CnsCo«a 


Kt  -  - - - 

irAR  ej  +  2CM 

«o  -  f(M)  ;  »x  -  f(M) 

ClBR  “  *ClBR*Cm-o  +  ^Lc^BR 

^Cl,,  -  (Vc^-o  ♦  [^CLc)ao]  /  .3* 

^CU,\-o  *  *<«> 

f-  f(#,+  «) 

ACI>SB  ■  Cd»sb*sb 
ACd»c  "  Cd»c 

Cds2  -  [.000047  ,000178(c(.)2]  1.272 

M  <  .6 

-  [.000025  +  .000039(Ci.)2]  1.272 

M  >  .9 


C/S  *  VV  +  +  Ci»r*r+  CV* 

cns  "  *iy»cn,g0  +  cn*a*»  +  cn*r<r  +  cnt*e 

Rn^’Cn8a’Cn*,*RnSr,Cn4r  "  f(M) 
C/r’<'n/3,Cnp,Cnr  *  *T**»°) 

Mm 

■  -  W/32.2 
Altitude 

h  *  uSlng  -  vCoegSln*  •  wCoagCosf 


A« 


ACD«f  *  cDj2  *f 
Axlel  Force  Coefficient 


•  linear  Interpolation  .6  <  N  <  .9 
2 


Thruat 

Engine:  TENG  -  RT  TMIL 
TMIL  ■  t(M,h) 

Bx  •  1.0  Full  Throttle 

Rf  *  0.  Idle  Throttle 

where  Rj  If  linearly  Interpolated  between  throttle  aettlnga 

BURNING 


Jet:  CM  -  Rt  CM(|0  Variable  Throttle 


Poaltlon 


Cx  *  Cl  Slna  -  CG  Coaa 

"  ^BURNING 

Throttle  in 
Afterburner 

Normal  Force  Coefficient 

C*  -  *CL  Coaa  -  Co  Slna  -  CNq  (^|) 

Table  1-2 

IWA  CONFIGURATION  CONSTANTS 

CRq  -  f (M) 

s 

300. 

ft* 

Sldeforce  Coefficient 

C 

9.388 

ft 

cy  ’  (%cyg^  +  cy*e*«  +  cyga*»  *  cy«r*r)*|gIC 

b 

34.75 

ft 

+  (Cypp  +  Cyrr)(b/2V) 

CG 

15.0 

7.c 

%’  c?y  cy«e*  cy8,’  cygr " f(M) 

\ 

25.0 

1.1 

CGr£F 

Cyp.  Cyr  -  f(M,o) 

w 

21053. 

lbs 

Pltchlnc  Moment  Coefficient 

Cm  ”  Cqiq  +  Cna(  a  -  aL<>)  +  Cmgc*c  +  C«Sf  8f 

Ixx 

16508. 

slug  - 

ft* 

+  ac»jet  +  S  (if)  +  Cl  (  100  ) 

<?ctt 

Tyy 

55182. 

slug  - 

ft2 

Izz 

64025. 

slug  - 

ft2 

C»0.  Cna,  C,4c>  Ca^,  C,^  -  f(M) 

^Cmjgi  "  *<yiSlngj(CPjgx  -  CC)  +  Cp  Coe gj  (Zqq-Z jjX) 

Ixz 

136. 

slug  - 

ft2 

<?cM 

CPJET 

-  CG 

3.304 

ft 

where  (CPjjy  -  CG),  (ZCG  -  ZjgX)  are  fractional  c 

ZCG  - 

2  JET 

0.984 

ft 
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1.2  AERODYNAMICS 


Aerodynamic  derivatives  and  coefficients  were  established  for  the  design 
flight  conditions  shown  in  Figure  1-1.  The  data  are  given  in  Figures  1-2  through 
1-20  and  Table  1-3.  The  aerodynamic  data  have  been  flexibilized  on  the  Mach- 
altitude  schedule  shown  in  Figure  1-1.  Large  deviations  from  this  schedule  will 
cause  the  flexibilizing  factor  to  be  in  error,  however,  the  area  of  interest  for 
this  program  is  well  covered  by  this  schedule. 

The  maximum  lift  coefficient  utilized  in  the  simulator  was  limited  to  the 
value  shown  in  Figure  1-12. 

The  thrust  variation  with  Mach  number  and  altitude  for  Intermediate  Power 
and  jet  flap  operation  is  presented  in  Tables  1-4  and  1-5,  respectively.  Engine 
thrust  and  wing  blowing  adjustments  were  made  with  the  throttle.  Wing  burning 
was  initiated  by  advancing  the  throttle  to  the  afterburner  position. 


0.8  _ 1.2 

Mach.  Number 


-  ... 

n7 

_  | 

:A  :J 

L. 

:*  1  1 

U 

Figure  1-1  Design  Flight  Conditions 
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Figure  1-2  Lift  Curve  Slope  and  Intercept 
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K|  *  0.3  No  Wing  turning 
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Figure  1-5  Minimum  Drag  Coefficient 


Figure  1-3  Supercirculation  Parameters 
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Figure  1-6  Minimum  Drag  Lift  Coefficient  and 
Span  Efficiency  Factors 


Figure  1-4  Lift  Curve  Break  and  Moment  Curve  Slope 
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Figure  1-7  Jet  Flap  Drag  and  Altitude  Correction  Parameters 
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Figure  1-8  Speedbrake  and  Flap  Drag 
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Figure  1-9  Canard  Lift  and  Moment  Curves 
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Figure  1-12  Maximum  Lift  Coefficient 


Figure  1-10  Flap  Lift  and  Moment  Curves 
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Figure  1-13  Sideslip  Derivatives 


Figure  1-11  Pitch  Rate  Derivatives 
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Figure  1-14  Aileron  Derivatives 
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Figure  1-16  Vertical  Tail  Derivatives 
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Figure  1-15  Sideforce  Derivatives 
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Figure  1-17  Yaw  Rate  Derivatives 


Figure  1-18  Roll  Rate  Derivatives 
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Figure  1-19  Sideslip  Derivative  Flexibility 


Contra)  Oofivotira  Flexibility 


Table  1-4  INTERMEDIATE  POWER  THRUST 


Mach 

Altitude  ~  Ft 

0 

20000. 

36089. 

65600. 

0  1 

lino. 

2000. 

3800. 

600. 

0.2 

9600 

2800. 

3700. 

700. 

0.3 

8150 

3540. 

3650. 

800. 

0  4 

6700. 

4500. 

3550. 

810. 

0.5 

5206. 

4950. 

3423. 

826. 

0.7 

15*8 . 

3600. 

2967. 

711. 

0.9 

-3664. 

1747. 

2333. 

562. 

l  1 

-11308. 

-1100. 

1325. 

309. 

1  3 

-5382. 

-224. 

-84. 

1  5 

-19821 

-10476. 

-2414. 

-628. 

1.7 

-21700. 

-15300. 

-5005. 

-1243. 

2.0 

-23500. 

-19100. 

-8000. 

-2600. 
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1.3  FLIGHT  CONTROL  SYSTEM 


A  block  diagram  of  the  longitudinal  flight  control  system  of  the  LWA  simula¬ 
tion  is  presented  in  Figure  1-21.  The  longitudinal  flight  control  system  is 
basically  a  command  and  stability  augmentation  system  with  pitch  rate  and  normal 
acceleration  feedback  and  normal  acceleration  and  angle  of  attack  limiting.  The 
system  predominately  utilizes  normal  acceleration  and  pitch  rate  feedback  for 
cruise  speeds  and  angle  of  attack  and  pitch  rate  feedback  at  reduced  speeds. 

The  pitch  command  is  presented  in  g's  as  a  function  of  longitudinal  stick 
force  in  Figure  1-22.  The  command  gradient  and  the  breakout  force  shown  are  for 
the  advanced  cockpit  side  stick  controller. 

The  forward  loop  gain  and  the  angle-of-attack  and  normal  acceleration  feed¬ 
back  gains  are  scheduled  as  a  function  of  impact  pressure  as  shown  in  Figure  1-23 
and  1-24.  The  canard  deflection  commanded  to  cancel  pitching  moments  from  the 
jet  flap  deflection  and  the  flap  action  of  the  flaperon  is  presented  in  Figures 
1-25  and  1-26,  respectively. 

In  the  lateral-directional  control  system  (Figure  1-27),  stability  augmenta¬ 
tion  is  provided  by  roll  rate  feedback  to  the  flaperons  and  lateral  acceleration 
and  yaw  rate  feedback  to  the  rudder.  The  roll  stick  force  is  fed  into  the  roll 
command  augmentation  loop  and  commands  roll  rate  as  shown  in  Figure  1-28.  The 
rudder  and  aileron  feedback  loop  gains  are  presented  in  Figures  1-29  and  1-30. 

Two  modes  of  sideforce  operation  are  available,  the  />  mode  and  the  tp  mode. 
The  p  mode  yields  a  vehicle  sideslip  with  no  heading  change;  while  the  ^mode 
provides  yaw  rate  while  holding  sideslip  to  near  zero. 

The  ip  mode  feedback  gain,  Kg,  is  shown  in  Figure  1-29.  The  sideforce  control 
was  operated  from  a  thumb  switch  on  the  side  stick  controller  and  from  the  rudder 
pedals.  When  the  rudder  pedals  were  used  for  sideforce  control,  the  rudder  was 
disconnected  from  the  pedals.  Interconnects  from  the  sideforce  surface  command 
to  the  rudder  and  the  flaperons  (Figures  1-30  and  1-31)  were  used  to  cancel  yawing 
and  rolling  moments  resulting  from  the  sideforce  control  surface  deflection. 

A  roll  attitude  hold  circuit  with  control  stick  steering  was  included  to  max¬ 
imize  the  effectiveness  of  the  sideforce  control  modes. 
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Figure  1-23  Longitudinal  Forward  Loop  Gain 


Figure  1-22  Pitch  Acceleration  Command 


Figure  1-27  Lateral-Directional  Flight  Control  System 


Figure  1-28  Roll  Rate  Command 
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Figure  1-29  Rudder  Forward  Loop  Gain  and 
Sideforce  Mode  Feedback  Gain 
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Figure  1-30  Sideforce/Rudder  Interconnect  Gain  and 
Flaperon  (Aileron)  Forward  Loop  Gain 
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Figure  1-31  Rudder/Flaperon  and  Sideforce/Flaperon  Interconnect  Gains 
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Table  1-6  LIST  OF  SYMBOLS 


SYMBOL 

DEFINITION 

UNITS 

SYMBOL 

DEFINITION 

UNITS 

o 

Speed  of  sound 

ft/sec 

Mount  coefficient  due  to 
fleperon  (flep)  deflection 

-- 

*N 

Load  factor 

g'« 

C"q*  CNq 

Longitudinal  aerodynamic  damping 

per  rad 

AR 

Aspect  ratio 

-- 

detlvetlvee,  Cjj  *  dCi/A()c/2V) 

b 

Wing  span,  lateral -directional 
reference  length 

Wing  mean  aerodynamic  chord, 
longitudinal  reference  length 

ft 

ft 

cx,  cY.  C i 

Totel  aerodynamic  force  coefflclente 
•Ion,  the  x,  y,  end  z  exee, 
reepectlvely 

-- 

c 

Win,  blowing  coefficient 

- 

CG 

Center  of  gravity  location 

Xc 

f<  > 

Function  of  the  pereoetere  denoted 

_  _ 

CCREF 

Reference  CG  location  for  aero¬ 

Xc 

In  perentheele 

dynamic  data 

& 

Acceleration  due  to  gravity 

ft/i*c2 

CD 

Aerodynamic  drag  coefficient,  In 
stability  axes,  positive  aft 

-- 

h 

Altitude 

ft 

(-x  direction) 

h 

Rate  of  climb 

ft/aec 

CDl 

Induced  drag  coefficient 

Minimum  drag  coefficient 

— 

lxx.  lyy. 

Mount!  of  lnertle  ebout  the 

Indicated  axet 

slug-ft2 

C°MIN 

•• 

Cdsb 

Drag  ceofflcient  due  to  speed 

.. 

lx* 

Product  of  Inertia  on  the  xs  plane 

slug-ft* 

break 

L,  M,  N 

Rolling,  pitching  and  yawing  mounte 

ft-lbi 

CDfic 

Drag  coefficient  due  to  canard 

.. 

about  the  x,  y,  and  z  axez 

deflection 

M 

Mach  number 

-- 

CD6f 

Drag  coefficient  due  to  flaperon 
(flap)  deflection 

-- 

m 

Meet 

•  luge 

Cl 

Aerodynamic  lift  coefficient,  in 
stability  axes,  positive  up 
(-*  direction) 

- 

n 

Total  load  factor 

g'a 

p.  q.  t 

Rotational  ratee  (angular 
velocities)  in  roll,  pitch  and 

rad/sec 

cl' 

Lift  coefficient  without  wing 

-- 

yew  exee 

blowing 

(p/po) 

Atmoapherlc  ambient  praaeure 

-- 

cLc 

Lift  coefficient  due  to  wing  blowing 

— 

ratio,  f(h) 

Clmax 

Lift  coeflclent  limit  imposed 

-- 

q 

Dynamic  preezure 

lbi/ft2 

CL0 

Lift  coefficient  at  minimum  drag 

-- 

r* 

Jit  flap  drag  parautar 

-- 

CL„ 

Lift  curve  alope,  dCL/da 

per  deg 

t 

Tlu 

sec 

TmiL 

Intermediate  power  thruet 

lbs 

clrc  *  C®ec. 

Canard  effectiveness  parameters, 

par  dag 

act/asc 

u,  v,  w 

Linear  velocity  components  along 
the  x,  y,  and  a  axes 

ft/eec 

CL«f 

Flaperon  (flap)  effectiveness 
parameters,  dC^/dftf 

per  dag 

V 

Total  alrplana  velocity,  coincident 
with  the  relative  wind 

ft /»ec 

c. 

Lift  coefficient  due  to  angle  of 

-- 

^•0 

attack  with  no  wing  blowing 

w 

Cron  weight 

lb* 

C />  Cm>  cn 

Total  aerodynamic  moment  coeflclents 

.. 

X,  Y,  2 

Axial,  aide  and  normal  forest 
(long  the  x,  y,  and  a  axaa 

lbs 

in  roll,  pitch  and  yaw  about  the  x, 
y  and  z  axes,  respectively 

x,  y,  s 

.. 

Airplane  body  exee 

c/p.  Cnp,  CYp 

Lateral-direction  aerodynamic 
damping  derivatives, 

per  rad 

a 

Angle  of  attack 

deg 

C/r.  cnr.  Cyt 

Cij  -  aCi/MJb/2V) 

aL0 

Angle  of  attack  at  aero  lift 
coefficient 

<•1 

c lp>  Cn/J.  c*0 

Sideslip  derivatives,  dCi/d/S 

p«r  4*| 

fi 

Sldnltp 

deg 

C*V  Cn CY«, 

Flaperon  (aileron)  effectiveness 
parameters,  4Ci/dfta 

P»r 

A 

Incremental  value 

-- 

c/«r’  Cn«r’  CY*r 

Vertical  tall  (rudder)  effective¬ 
ness  parameters,  dC^/ddr 

Ht  deg 

Flaperon  (aileron)  surface 
deflection  angle,  positive 
right  aileron  down 

deg 

C*»,’  C«V  CY», 

Sideforce  surface  effectiveness 
parameters,  dCi/d6a 

P*r  d*| 

•c 

Canard  aurfaca  daflactlon  angle, 
positive  trailing  adga  down 

deg 

Cm 

Aerodynamic  pitching  moment 
coefficient 

®r 

Vartleal  tall  (ruddar)  aurfaca 
daflactlon  angle,  positive 

deg 

CtBo 

Moment  coefficient  at  ssro  lift 

*• 

trailing  edge  lift 

^JET 

Moment  coefficient  due  to  the 

mm 

h 

lldsforce  iurfcce  deflection 

deg 

wing  Jet  flap 

engle,  positive  trilling  edge 
lift 

C- 

Moment  curve  slope,  dCg/da 

P«  *1 

luler  angle!  in  pitch,  roll 

deg 

-IBQf 

Moment  coefficient  due  to 
canard  deflection 

*• 

end  yew 
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Table  1-6  (Cont'd) 


definition 


(  )  AT.RO 

(  )AERC 
STATIC 


(  )THRUST 


Wing  Jet  flap  deflection 

Denotes  dlf  ferentlst  Ion  with 
ceipect  to  time 

Aerodynamic  contribution 

Contribution  due  to.t.tleaero- 
dynamlc  parameters  Inclosed  In 
the  parentheiU 

Body  axe*  reference 

Referenced  to  bresk  In  lift  curve 

Initial  condition 

Reference  condition  or  value 

Reference  to  stability  axes 

Th*'ust  contribution 
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APPENDIX  J 


GROUND  ATTACK  AND  LANDING 
SIMULATION  DATA 

The  VT/SC  ground  attack  simulation  evaluation  data  are  presented  in  Figure 
J-l  and  Tables  J-l,  J-2,  and  J-3.  The  DSFC  ground  attack  simulation  evaluation 
data  are  summarized  in  Figures  J-2,  J-3,  and  J-4.  Figures  J-5  through  J-14 
contain  typical  landing  approach  data  for  DSFC  evaluation. 

Discussions  of  the  data  in  this  appendix  are  contained  in  Section  3.  The 
simulator  pilots'  report  is  reproduced  as  Figure  J-15. 
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Vp  -  SPEED  AT  INITIATION  OF  PULLOUT  -  KTS  (TAS)  V,  -  SPEED  AT  INITIATION  OF  RUN  -  KTS  (TAS) 
hmin  -  MINIMUM  ALTITUDE  AT  PULLOUT  -  FT  $D  -  DIVE  ANGLE  -  DEGREES 

Vm  -  SPEED  AT  hmin  -  KTS  (TAS)  hp  -  ALTITUDE  AT  INITIATION  OF  PULLOUT  -  FT 

T2-T)  -  TIME  BETWEEN  INITIATION  OF  PULLOUT  AND  MIN  ALTITUDE  -  SEC 
hp  "  hmin  -  ALTITUDE  LOSS  DURING  PULLOUT  -  FT 

T3-T)  -  TIME  BETWEEN  INITIATION  OF  PULLOUT  AND  CLIMB  TO  10,000  FT  -  SEC 
VE  -  SPEED  AT  10,000  FT  DURING  CLIMB  -  KTS  (TAS) 

Figure  J-l  VT/SC  Ground  Attack  Simulation  Geometry 


Table  J-l  VT/SC  GROUND  ATTACK  SIMULATION  EVALUATION  -  PILOT  A 


RUN 

THROTTLE 

SETTING 

6\ 

(DEG) 

V| 

(KTAS) 

hp 

(FT) 

VP 

(KTAS) 

hmin 

(FT) 

Vm 

(KTAS) 

hp’hmin 

(FT) 

VE 

(KTAS) 

S 

IDLE 

0 

4 

00 

60 

390.5 

900 

550.3 

— 

6.25 

488.2 

20.75 

25% 

50 

60 

E 

562.1 

600 

562.1 

| 

6.75 

562.1 

20.35 

50% 

50 

60 

3700 

597.6 

500 

603.6 

3200 

7.00 

621.3 

20.30 

IDLE 

0 

45 

3600 

508.9 

2000 

491.1 

1600 

5.00 

568.0 

19.00 

25% 

50 

45 

3600 

568.0 

2000 

612.4 

1600 

6.00 

579.9 

17.25 

6 

50% 

50 

45 

3600 

665.7 

2000 

686.4 

1600 

4.50 

636.1 

17.00 

7 

IDLE 

0 

30 

3800 

517.8 

3000 

556.2 

800 

6.50 

579.9 

14.20 

8 

25% 

50 

30 

3700 

579.9 

2900- 

562.1 

4.00 

562.1 

14.50 

9 

50% 

50 

400 

30 

3750 

597.6 

3000 

621.3 

750 

6.75 

576.9 

14.50 

10 

IDLE 

0 

575 

60 

3750 

609.5 

100 

612.4 

3650 

7.50 

597.6 

21.50 

11 

25% 

50 

60 

3800 

636.1 

400 

615.4 

3400 

7.00 

621.2 

21.50 

12 

50% 

50 

60 

3800 

639.1 

900 

627.0 

2900 

6.50 

568.0 

20.50 

13 

IDLE 

0 

45 

3700 

609.5 

1400 

579.9 

2300 

6.00 

603.6 

18.50 

14 

25% 

50 

45 

3900 

621.3 

2000 

609.5 

1900 

5.50 

562.1 

17.00 

15 

50% 

50 

45 

3700 

636.1 

S1'  j 

621.3 

2100 

5.50 

573.9 

20.00 

16 

IDLE 

0 

30 

3600 

606.5 

576.9 

1000 

3.50 

621.3 

15.00 

17 

25% 

50 

30 

3700 

615.4 

597.6 

900 

3.50 

556.2 

15.25 

18 

50% 

50 

575 

30 

3800 

621.3 

3000 

609.5 

3.50 

562.1 

15.00 
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Table  J-2  VT/SC  GROUND  ATTACK  SIMULATION  EVALUATION  -  PILOT  B 


RUN 

THROTTLE 

SETTING 

*i 

(DEG) 

V| 

(KTAS! 

*0 

DIVE 

ANGLE 

(DEG) 

hP 

(FT) 

VP 

(KTAS) 

hmin 

(FT) 

vm 

(KTAS) 

hp'hmin 

(FT) 

T2-Ti 

(SEC) 

VE 

(KTAS) 

T3-T1 

(SEC) 

1 

IDLE 

0 

41 

DO 

60 

3600 

553.3 

400 

650.9 

3200 

7.00 

597.6 

21.00 

2 

25% 

50 

60 

3400 

576.9 

400 

629.0 

3000 

6.75 

582.8 

20.75 

3 

50% 

50 

60 

3600 

592.5 

500 

615.4 

3100 

6.25 

576.9 

20.75 

4 

IDLE 

0 

45 

3600 

538.5 

1600 

615.4 

2000 

5.25 

600.6 

16.00 

5 

25% 

50 

45 

3700 

562.1 

2000 

562.1 

2700 

5.25 

582.8 

17.25 

6 

50% 

50 

45 

3500 

597.6 

1750 

629.0 

1750 

5.00 

576.9 

17.25 

7 

IDLE 

0 

30 

3600 

532.5 

3000 

562.1 

600 

3.25 

562.1 

14.00 

8 

25% 

50 

30 

3700 

550.3 

3100 

562.1 

600 

3.75 

576.9 

14.00 

9 

50% 

50 

400 

30 

3700 

597.6 

3100 

629.0 

600 

3.00 

562.1 

14.00 

10 

IDLE 

0 

575 

60 

3500 

615.4 

-300 

639.1 

3800 

7.25 

585.8 

22.00 

11 

25% 

50 

60 

3800 

621.3 

150 

621.3 

3650 

7.00 

585.8 

21.50 

12 

50% 

50 

60 

3700 

636.1 

150 

629.0 

3550 

7.25 

562.1 

21.50 

13 

IDLE 

0 

45 

3800 

606.5 

1500 

579.9 

2300 

5.75 

615.4 

18.25 

14 

25% 

50 

45 

3700 

629.0 

1800 

629.0 

1900 

4.25 

579.9 

17.75 

15 

50% 

50 

45 

3700 

633.1 

1700 

621.3 

2000 

5.00 

568.0 

17r  72 

16 

IDLE 

0 

30 

3800 

597.6 

2900 

630.2 

900 

3.50 

606.5 

14.75 

17 

25% 

50 

30 

3900 

606.5 

2800 

605.9 

1100 

3.75 

579.9 

15.25 

18 

50% 

50 

575 

30 

3900 

615.4 

2900 

609.5 

1000 

3.50 

579.9 

15.25 

Table  J-3  VT/SC  GROUND  ATTACK  SIMULATION  EVALUATION  -  PILOT  C 


RUN 

THROTTLE 

SETTING 

#J 

(DEG) 

V| 

(KTAS) 

*D 

DIVE 

ANGLE 

(DEG) 

hP 

(FT) 

VP 

(KTAS) 

hmin 

(FT) 

Vm 

(KTAS) 

hp"hmin 

(FT) 

h-h 

(SEC) 

VE 

(KTAS) 

T3-T1 

(SEC) 

1 

IDLE 

0 

4 

OO 

60 

3600 

526.6 

700 

636.1 

2900 

6.75 

597.6 

20.25 

11  2 

25% 

50 

60 

3700 

585.8 

600 

612.4 

3100 

6.50 

579.9 

20.75 

3 

50% 

50 

60 

3800 

592.6 

600 

612.4 

3200 

6.50 

579.9 

20.75 

4 

IDLE 

0 

45 

3750 

562.1 

1600 

629.0 

2150 

5.25 

600.6 

18.00 

5 

25% 

50 

45 

3800 

573.9 

2000 

562.1 

1800 

5.00 

573.9 

17.50 

6 

50% 

50 

45 

3900 

603.6 

1900 

612.4 

2000 

5.00 

579.9 

17.50 

7 

IDLE 

0 

30 

3900 

532.5 

2800 

576.9 

1100 

3.75 

562.1 

14.50 

8 

25% 

50 

30 

3700 

579.9 

2900 

562.1 

800 

3.75 

573.9 

15.00 

9 

50% 

50 

400 

30 

3800 

606.5 

3000 

609.5 

800 

3.25 

576.9 

14.50 

10 

IDLE 

0 

575 

60 

3700 

592.5 

200 

659.8 

3500 

7.25 

603.6 

21.25 

11 

25% 

50 

60 

3900 

629.0 

400 

629.0 

3500 

7.25 

585.8 

21.00 

12 

50% 

50 

60 

3600 

633.1 

200 

615.4 

3400 

7.00 

579.9 

21.50 

13 

IDLE 

0 

45 

3900 

597.6 

1500 

609.5 

2400 

5.25 

597.6 

18.00 

14 

25% 

50 

45 

3600 

615.4 

1800 

606.5 

1800 

4.75 

576.9 

17.75 

15 

50% 

50 

45 

4000 

629.0 

2000 

621.3 

2000 

4.75 

579.9 

17.50 

16 

IDLE 

0 

30 

3800 

592.5 

2800 

600.6 

1000 

4.00 

562.1 

15.00 

17 

25% 

50 

30 

3900 

609.5 

2900 

603.6 

1000 

3.25 

579.9 

15.00 

18 

50% 

50 

575 

30 

3800 

615.4 

2900 

606.5 

900 

3.75 

579.9 

15.00 
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Figure  J-2  DSC  Ground  Attack  Simulation  Evaluation  -  Pilot  A 


Figure  J-3  DSC  Ground  Attack  Simulation  Evaluation  -  Pilot  B 
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f  Jt 


w/o  Crosswind 


W /Crosswind 
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Airplane  Initial  Lateral  Offset  is  3000  Ft  Left  of  Runway 


Figure  J-6  Landing  Approach  with  Zero  Crosswind,  DSFC  SidPslip  Mode  Engaged, 
Rudder  Pedal  Controller 
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RUDDER  DEFLECTION  SIDEFORCE  CONTROL  AILERON  DEFLECTION  ROLL  ANGLE  SIDESLIP  ANGLE  AIRPLANE  HEADING 

-  DEGREES  DEFLECTION  -  DEGREES  -  DEGREES  -  DEGREES  -  DEGREES  -  DEGREES 


Airplane  Initial  Lateral  Offset  is  3000  Ft  Left  of  Runway 


isaBiB«SBffiSsi»ai 

■■■■■■■■■■■■■■■Mi! 


5  SECONDS 


RUDDER  DEFLECTION  SIDEFORCE  CONTROL  AILERON  DEFLECTION  ROLL  ANGLE  SIDESUP  ANGLE  AIRPLANE  HEADING 

-  DEGREES  DEFLECTION  -  DEGREES  -  DEGREES  -  DEGREES  -  DEGREES  -  DEGREES 


N  M 19  hi  (SI  I 


Airplane  Initial  Lateral  Offset  is  3000  Ft  Left  of  Runway 


5  SECONDS 
TIME 


Figure  J-8  Landing  Approach  with  Zero  Crosswind  -  DSFC  Yaw  Rate  Mode  Engaged, 
Rudder  Pedal  Controller 


Airplane  Initial  Lateral 


fl4f4M4 


N:  I  I  -M  i  r 


Figure  J-9  Landing  Approach  with  Zero 
Thumb  Controller 


RUDDER  DEFLECTION  SIDEFORCE  CONTROL  AILERON  DEFLECTION  ROLL  ANGLE  SIDESLIF  ANGLE  AIRPLANE  HEADING 

-  DEGREES  DEFLECTION  -  DEGREES  -  DEGREES  -  DEGREES  ,  -  DEGREES  +  -  DEGREES 


•  Airplane  Initial  Lateral  Offset  is  3000  Ft  Left  of  Runway  •  Crosswind  is  from  the  Right 


Figure  J-10  Landing  Approach  with  30  Knot  Crosswind  -  Conventional  Configuration 
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RUDDER  D€ FLECTION  SIDEFORCE  CONTROL  AILERON  DEFLECTION  ROLL  ANGLE  SIDESLIP  ANGLE  AIRPU  NE  HEADING 

-  DEGREES  DEFLECTION  -  DEGREES  -  DEGREES  -  DEGREES  -  DEGREES  f-  DEGREES 


5  SECONDS 
TIME 


Figure  J  12  Landing  Approach  with  30  Knot  Crosswind  -  OSFC  Sideslip  Mode  Engaged, 
Thumb  Controller 
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RUOOER  DEFLECTION  SIDEFORCE  CONTROL  AILERON  DEFLECTION  ROLL  ANGLE  SIDESLIP  ANGLE  AIRPLANE  HEADING 

-  DEGREES  DEFLECTION  -  DEGREES  -  DEGREES  -  DEGREES  1  -  DEGREES  ♦.  *  DEGREES  , 


DEPARTMENT  OF  THE  AIR  FORCE 

42 2d  FIGHTER  WEAPONS  SQUADRON  (TAC) 
NELLIS  AIR  FORCE  BASE,  NEVADA  89110 


>MNor>  Cart  HawkinsA997 

juBjccn  Trip  Report,  Simulator  Evaluation  of  Advanced  Concepts  for  Future 
Ground  Attack  Aircraft 

i|22  PWS/CC 

1  •  AFFDL  requested  that  TAC  provide  three  pilots  to  evaluate  a  General 
Dynamic s/Convair  simulation  of  a  .conceptually  configured  a  ifc-to -ground 
attack  aircraft.  TAC  directed  that  the  399  TFW  provide  one  pilot  and  the 
TFWC  provide  two  pilots.  TFV/C  requested  the  97  FWW  to  furnish  these 
latter  two  pilots.  The  pilots  were;  Capt  Shelby  Lawder,  399  TFWj  Capt 
Gerry  Huff,  Uli;  FWSj  Capt  Douglas  Hawkins,  1*22  PWS. 

2.  During  thS  period  11-16  Mar  73>  these  three  pilots  participated  in  an 
evaluation  of  advanced  concepts  for  future  groung  attack  aircraft.  In 
June  1972,  Convair  submitted  a  "Technical  Proposal  for  Technology  Inte¬ 
gration  for  Close  Air  Support  Aircraft",  Convair  Report  FZP-1U29.  A 
contract  for  conducting  man-in-the-loop  simulation  of  a  selected  light¬ 
weight  attack  (LWA)  configuration  resulted  from  this  proposal.  This  trip 
provided  the  operational  pilot  inputs  for  the  simulation. 

3.  Convair  Report  FZM-6089,  31  Jan  73 >  "Lightweight  Attack  (LWA)  Aircraft 
Preliminary  Configuration  Design ‘and  Mission/Configuration  Tradeoff  Studies", 
details  a  proposed  configuration  and  characteristics  for  two  LWAs.  The 
work  reported  therein  led  to  the  selection  of  LWA  Configuration  29  for 
simulation.  Configuration  29  is  a  22,900  pound  aircraft  utilizing  a  double 
swept  wing,  all-movable  canard  and  vertical  tail,  dual  chin  fins,  L.E. 
flaps  and  flaperons.  The  wing  is  midmounted  with  the  air  intake  under 

the  cockpit  area.  It  will  have  an  internally  mounted  M-61  gun  and  an 
internal  2000  pound  capacity  bomb  bay.  The  large  bypass  turbofan  engine 
will  generate  a  thrust/weight  of  approximately  1.9:1. 

li.  The  two  advanced  concepts  incorporated  into  Configuration  29  that  were 
to  be  specifically  addressed  in  the  evaluation  were  powered  lift  and 
direct  sideforce  control  (DSFC).  Powered  lift  can  be  gained  by  either 
the  use  of  "vectored  thrust"  or  "jet  flap/supercirculation".  Vectored 
thrust  is  accomplished  by  deflecting  high  velocity  bypass  air  from  the 
engine  and  creating  a  thrust  vector  in  a  direction  other  than  along  the 
axis  of  the  engine.  The  jet  flap  produces  the  same  result  as  a  conven¬ 
tional  flap  except  it  deflects  the  airflow  arcrund  the  wing  using  high 
velocity  air  that  is  exhausted  out  of  the  trailing  edge  of  the  wing 
instead  of  a  metal  flap.  Direct  sideforce  controls  will  generate  equal 
moments  both  fore  and  aft  of  the  plane's  CG  by  means  of  chin  fins.  This 
will  allow  the  aircraft  to  generate  a  lateral  vector  without  any  associated 
roll.  Creating  a  slight  delta  moment,  coupled  with  an  antiroll  mode  in 
the  fly-by-wire  flight  controls,  will  permit  a  controlled  yaw  rate. 

Figure  J-15  Simulator  Pilots'  Report 
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5.  To  evaluate  powered  lift,  each  pilot  ranthrough  a  series  of  dive 
bomb  passes  varying  roll-in  airspeed,  dive  angle,  power  setting  and  jet 
flap  deflection  angle.  Data  were  collected  to  detemine  the  effect  of 
the  jet  flap  on  controlling  airspeed  in  the  dive  and  on  decreasing 
altitude  lost  during  recovery.  It  was  obvious  to  all  pilots  that  the 
jet  flap  would  produce  somet/hat  of  a  speedbrake  effect  when  used  in  the 
dive.  Maximum  utilization  of  the  jet  flap  during  recovery  both  decreased 
altitude  lost  during  pullout  and  decreased  time  to  establish  a  climb  back 
to  above  10,000  feet  AGL.  Formal  data  reduction  has  not  been  completed 
at  this  time. 

6.  The  evaluation  of  direct  sideforce  was  in  two  parts.  The  first  part 
was  a  series  of  dive  bomb  passes  in  which  the  pilot's  ability  to  solve 
lateral  pipper  placement  and  drift  was  evaluated.  Variable  conditions 
included  crosswind,  direct  sideforce  control  (DSFC)  in  both  sideslip  and 
yaw  rate  modes  and  the  position  of  the  direct  sideforce  controller  using 
rudders  or  a  thumb  switch.  If  the  original  pipper  placement  was  in  excess 
of  30-50  mils  error,  all  pilots  preferred  to  use  conventional  rudder  and 
bank  control  to  reposition  it.  Once  the  pipper  was  close  to  the  target, 
DSFC  could  effectively  be  used  to  solve  the  rest  of  the  pipper  placement 
problem.  The  pilots  were  not  always  confident  that  they  could  achieve 
consistent  solutions  with  DSFC.  Due  to  occasional  malfunctions  with  the 
simulator  and  the  lack  of  experience  to  create  their  own  'techniques'  for 
DSFC  placement  of  the  pipper,  the  pilots  did  not  have  an  obvious  feel 

for  one  method  being  superior  to  the  other. 

7.  The  second  part  of  the  DSFC  evaluation  was  during  approaches  to 
landing.  Straight  in  approaches  were  made  with  and  without  crosswinds. 
Again,  the  two  types  of  DSFC  and  the  position  of  the  controller  were 
evaluated.  The  pilots  disagreed  on  which  mode,  yaw  rate  or  sideslip,  they 
could  utilize  most  effectively,  but  they  did  agree  that  DSFC  could  assist 
the  pilot  during  approaches  and  landings.  All  pilots  wanted  to  retain 
conventional  lucider  and  roll  capabilities  with  DSFC  being  an  additional 
instead  of  a  replacement  feature.  Placement  of  a  DSFC  switch  on  the  stick 
was  considered  unwise.  The  control  stick  is  the  direct  force  type  and 
unwanted  inputs  could  be  generated  while  actuating  the  DSFC  switch  with 
the  thumb.  A  throttle  location  should  be  considered.  Formal  data  re¬ 
duction  of  this  phase  has  not  been  completed  either. 

8.  Pilot  comments  on  the  mechanization  of  the  simulation:  Video  field 
of  view  was  too  small.  In  sideslipmode,  roll  was  limited  to  less  tnan 

180  degrees.  A  fixed  armrest  for  the  stick  am  was  not  equally  comfortable 
to  each  pilot.  Rudder  force  control  was  not  the  right  magnitude.  Using 
full  afterburner  and  full  jet  flaps  during  dive  recovery  would  overflow 
the  computer  memory. 


Figure  J-15  Simulator  Pilots'  Report  (cont’d) 
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9.  Recommendations:  Further  investigation  into  the  use  of  powered  lift 
and  direct  sideforce  devices  should  definitely  be  continued.  However, 
the  advantages  in  maneuverability  that  these  devices  provide  should  be 
examined  over  the  entire  flight  profile.  The  survivability  and  defensive 
ability  of  a  ground  attack  aircraft  should  be  greatly  improved  by  the 
proper  utilization  of  these  devices.  All  pilots  involved  would  like  to  see 
the  next  simulation  of  the  LWA  address  the  entire  mission  profile.  The 
DSPC  is  available  at  only  a  small  cost  in  terms  of  weight  and  complexity 
but  provides  mrch  in  the  way  of  additional  maneuverability  both  offensively 
and  defensively.  Incorporating  powered  lift  would  not  be  as  cheap,  but 
at  combat  airspeeds  it  is  cheaper  in  terms  of  added  weight  per  unit  of 
lift  than  conventional  aerodynamic  lift. 


10.  During  the  week,  the  pilots  spent  their  free  time  talking  with 
engineers  from  many  different  departments  at  the  plant.  These  meetings 
proved  to  be,  very  informative  for  both  parties  involved.  All  pilots  felt 
it  was  extremely  beneficial  to  have  an  opportunity  to  make  operationally 
oriented  inputs  at  the  concept  and  design  phase.  Many  engineers  and  their 
supervisors  expressed  themselves  as  hoping  there  would  be  future  opportun¬ 
ities  for  dialogue  directly  with  operational  pilots.  It  is  recommended 
that  TFWC  and  TAC  favorably  consider  any  future  requests  from  AFFDL,  or 
the  aerospace  industry,  that  would  allow  operational  ideas  and  pilots  to 
be  a  part  of  new  aircraft  design  at  the  concept  and  design  synthesis  stage. 


DOUGLAS  S.  HAWKINS,  CAPT,  USAF 


Figure  J-15  Simulator  Pilots'  Report  (cont'd) 
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APPENDIX  K 


SURVIVABILITY  SIMULATION  DATA 


K.l  AAA  QUADRATIC  PREDICTOR 

The  fire  control  director  of  the  simulated  23-millimeter  gun  includes  a 
quadratic  prediction  capability.  A  diagram  of  the  down-range  prediction  circuits 


O.J  IWWI* 


Figure  K-l  Block  Diagram  of  Down-Range 
Prediction  Circuits' 

where 


is  shown  in  Figure  K-l.  Prediction 
circuits  for  offset  range  and  altitude 
are  similar  to  those  for  down  range. 
The  predicted  target  position  basic 
equations  are 

Xp  -  X'  +  AX  (K-l) 

YP  -  Y'  +  AY  (K-2) 

Zp  -  Z'  +AZ  (K-3) 


X'  -  Tracked  target  down-range  position 

4X  *  Predicted  target  down-range  movement  during  the  predicted  Projectile 
Time-of-Flight  (PTOF) 

Y'  “  Tracked  target  offset-range  position 

AY  -  Predicted  target  offset-range  movement  during  the  PTOF 
Z'  ■  Tracked  target  altitude 

AZ  **  Predicted  target  altitude  movement  during  the  PTOF. 

For  the  quadratic  prediction, 

AX  -  O.SX.^  (PTOF)2  +  (X  +  0.47^  X^^)  PTOF  (K-4) 

AY  -  0.5VTiT2  (PTOF)2  +  (YTl  +  0.4r^  Y^)  PTOF  (K-5) 

AZ  «  0.5ZTlr2  (PTOF)2  +  (ZTl  +  0.4r^  Z.^.  )  PT0F  (K-6) 

where 

•  • 

XTlr2»  Smoothed  tracked  target  down-range  acceleration 
•  _ 

Xj^  "  Smoothed  tracked  target  down-range  rate 

“  Time  constant  of  data-smoothing  filter  No.  1 
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PTOF  -  Predicted  projectile  tlme-of-flight 

•  • 

YtjT2 ■  Smoothed  tracked  target  offset-range  acceleration 
■  Smoothed  tracked  target  offset-range  rate 

•  • 

27^7*2“  Smoothed  tracked  target  altitude  acceleration 
7t^  m  Smoothed  tracked  target  altitude  rate. 

K.2  AAA  PROBABILITY  OF  KILL  MODEL 

A  probability  of  kill  (P^)  model  has  been  developed  for  use  with  the  AF-EWES 
anti-aircraft  artillery  (23mm)  simulation.  The  data  base  document  reflects  the 
vulnerability  of  the  areas  of  an  aircraft  to  23mm  High  Explosive  Incendiary  (HEI) 
ground  fired  projectiles  ns  a  function  of  aspect  angle  and  Impact  velocity. ^  For 
this  test,  two  categories  of  were  computed.  Probability  of  immediate  kill 
(pKr)  t*ie  probability  that  the  aircraft  immediately  enters  uncontrolled  flight 
when  struck  by  the  projectiles.  Probability  of  5-minute  kill  (Pj^)  is  the  pro¬ 
bability  that  the  aircraft  will  enter  uncontrolled  flight  within  5  minutes  after 
being  struck  by  the  projectiles. 

K.2.1  TARGET  VULNERABILITY 

As  an  initial  ground  rule,  data  from  an  Inventory  fighter  aircraft  were  used 
to  establish  vulnerability  data  although  It  was  realized  that  the  for  this  air¬ 
craft  would  not  apply  directly  to  the  LWA  aircraft  but  would  give  a  comparative 
basis  to  examine  the  effectiveness  of  several  types  of  maneuvers.  The  target  air¬ 
craft  for  which  the  data  were  taken  has  10  vulnerable  components  which  were  con¬ 
sidered:  (1)  pilot,  (2)  observer,  (3)  engine  1,  (4)  engine  2,  and  (5)  six  fuselage 
fuel  tanks.  The  aircraft  wing  tanks  are  assumed  to  be  empty,  and  the  fuselage  fuel 
tanks  are  assumed  to  be  full. 

In  order  to  achieve  an  immediate  kill,  either  both  pilots  or  both  engines 

must  be  hit,  i.e.,  pilots  and  engines  are  considered  multiply  vulnerable.  In 

addition  to  the  immediate  kill  considerations ,  the  5-mlnute  kill  includes  vulner- 

*  "The  Vulnerability  of  Several  Aircraft  and  Missiles  to  Impacting  Fragments 
and  Ground  Fired  Projectiles"  (U) ,  BF.L  1786,  August  1966  (SECRET  RESTRICTED 
DATA). 
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ability  of  the  fuel  tanks.  Fuel  tanks  are  singly  vulnerable,  i.e.,  one  HEI  pro- 

I 

jectile  striking  one  fuel  tank  can  cause  a  5-minute  kill.  All  vulnerable  areas 
of  the  aircraft  were  located  at  specified  points  within  the  aircraft  with  respect 
to  the  aircraft  center  of  gravity  (with  the  assumed  fuel  status). 

K.2.2  PK  COMPUTATIONS 

The  available  vulnerability  data  reflected  the  assumption  that  a  23mm  pro 
jectile  ccnl j  contribute  to  an  immediate  or  a  5-minute  kill  by  inflicting  struc¬ 
tural  damage  to  the  airframe.  In  order  to  kill  the  aircraft,  a  23mm  projectile 
would  have  to  physically  strike  a  vulnerable  area  (contact  fusing).  Probability 
of  kill,  then,  included  the  probability  (on  a  single-shot  basis)  that  a  vulnerable 
area  would  be  hit  with  each  projectile  miss  distance  as  measured  from  the  aircraft 
center  of  gravity.  ^ 

The  output  data  from  the  AF-EWES  simulation  provide  the  number  of  shots 
within  miss  distance  bins  for  every  data  run.  Bins  of  two  feet  were  utilized  for 
this  test;  therefore,  the  number  of  shots  were  segregated  into  miss  distances 
(1)  less  than  2  feet,  (2)  between  2  and  4  feet,  (3)  between  4  and  6  feet,  (4)  etc., 
out  to  the  maximum  miss  distance  of  200  feet.  In  the  probability  of  kill  model, 
the  vulnerable  components  were  located  at  the  correct  positions  with  respect  to 
the  aircraft  center  of  gravity;  therefore,  for  a  given  aspect  angle,  the  vulner¬ 
able  areas  of  the  components  within  each  miss  distance  bin  could  be  measured  and 
divided  by  the  total  area  of  the  appropriate  miss  distance  bin.  Thus,  the  pro¬ 
bability  of  a  particular  component  being  hit  is  derived  for  a  given  miss  distance 
and  aspect  angle.  Since  a  highly  maneuverable  target  was  involved  in  the  test, 
the  above  procedure  was  accomplished  for  all  four  aspect  angles  represented  in 
the  data  base  document;  and  an  average  probability  was  derived  for  each  vulnerable 
component,  each  projectile  miss  distance  bin,  and  seven  projectile  impact 
velocities . 

The  following  equations  were  used  to  compute  the  Pj^  and  P^  of  each  shot 
fired. 
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PKK  “  [  l-PR(Pilot)  PK(Observ?r)  1  [  1-PR (Engine  1)  PR(Engine  2)). 

PKA  “  t l-PR(Pilot)  PR(Observer)  ]  [  1-PR (Engine  1)  PR(Engine  2)]x 

[  l-PK(Fuel  Tank  1)  J  [  l-PR(Fuel  Tank  2)]x 
[ l-PK(Fuel  Tank  3)]  [ l-PK(Fuel  Tank  4)) x 
l  l-PR(Fuel  Tank  5)]  ( l-PR(Fuel  Tank  6)). 

After  derivation  of  the  single-shot  probabilities,  cumulative  probabilities 
were  computed  for  each  data  run. 

PR  ■  1-  (  1-PR  (single  shot,  miss  distance  bin  No.  1)  1  x 

l  1-PR  (single  shot,  miss  distance  bin  No.  2)  )  x 

•  •  • 

where  SI  *  The  number  of  shots  in  miss  distance  bin  No.  1 

S2  -  The  number  of  shots  in  miss  distance  bin  No.  2,  etc. 

The  cumulative  PK's  (both  categories)  for  each  data  run  within  a  test  condi¬ 
tion  were  then  averaged  to  provide  a  mean  probability  of  kill  for  each  test 
condition. 

K.3  GUN  FIRING  DATA 

The  gun  firing  data  which  was  input  to  the  P^  model  is  given  in  Table  K-l. 
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1.  Negative  offset  means  the  oircraft  opprooches  with  the  AAA  site  on  the  left. 

2.  Aircraft  heoding  was  chonged  approximately  *20°  using  3J^-40°  bonk  while  maintaining  altitude. 

3.  Aircraft  heading  was  chonged  approximately  *.60°  using  60°-90°  bonk  with  about  <3000,  -1000 
altitude  variation. 
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